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ABSTRACT 
The work d e t a i l e d i n t h i s thes i s i s mainly concerned w i t h the 
c a r b o n y l a t i o n of f a t t y ac id d e r i v a t i v e s , using carbon monoxide atmospheres 
i n the presence o f a t r a n s i t i o n me ta l . The two systems under study were 
the convers ion o f o l e o n i t r i l e to a cyano-ester using a cobal t c a t a l y s t , 
and f o r m a t i o n of isocyanates f rom amines i n the presence of a pal ladium 
s a l t . 
The o b j e c t i v e s o f each study were: ( i ) t o assess the i n f l u e n c e of 
p h y s i c a l cond i t i ons on the r e a c t i o n ( i . e . pressure, time and temperature) ; 
( i i ) t o examine the e f f e c t o f va r ious a d d i t i v e s on the system ( i . e . 
phosphines, iod ides and bases); and ( i i i ) to i d e n t i f y any c a t a l y t i c 
species observed under r e a c t i o n c o n d i t i o n s . Three major techniques were 
employed i n each s tudy: autoclave r e a c t i o n s , h igh pressure i n f r a - r e d 
s tud ies and atmospheric pressure n i t r o g e n - l i n e chemis t ry . 
The proposed u n d e r l y i n g r e a c t i o n mechanism was examined c r i t i c a l l y 
f o r each system, comparisons being drawn between the pos tu la ted c a t a l y t i c 
species and those a c t u a l l y observed by high pressure i n f r a - r e d spectroscopy. 
The chemical p r o p e r t i e s o f the proposed c a t a l y t i c in termedia tes are 
discussed i n r e l a t i o n to the e f f e c t of co-reactants on the system. 
I n the case of the c a r b o n y l a t i o n of o l e o n i t r i l e the high pressure 
i n f r a - r e d s tud ies are cons i s t en t w i t h the proposed r e a c t i o n mechanism 
based upon the a c y l complex RCOCo(CO)^. Although the i n f r a - r e d study on 
the c a r b o n y l a t i o n o f amines d i d not r evea l any d e f i n i t e i n f o r m a t i o n , the 
r e s u l t s of o ther experiments were found to be cons i s ten t w i t h a system 
based upon a carboxamido species L2Pd(Cl)(CONRR'). 
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CHAPTER ONE 
INTRODUCTION TO THE ALKOXYCARBONYLATION 
OF OLEFINS 
1.1. B a c k g r o u n d I n f o r m a t i o n 
The p a s t few decades have seen an enormous g r o w t h in t h e 
a p p l i c a t i o n o f new c a t a l y t i c r e a c t i o n s , b o t h he te rogeneous and 
homogeneous, t o i n d u s t r i a l p rocesses . The success o f these 
p roce s se s i s based on t h e i r use o f cheaper raw m a t e r i a l s 
compared w i t h t h e c l a s s i c a l o r g a n i c r o u t e s ; many of which may 
r e q u i r e m u l t i - s t a g e s y n t h e s e s . In a l a r g e number o f sys tems one 
o f t h e r e a c t a n t s i s c a r b o n monoxide, p r e s e n t e i t h e r in the pu re 
s t a t e o r as a m i x t u r e w i t h h y d r o g e n , f o r which a cheap and 
c o n v e n i e n t method o f p r o d u c t i o n i s r e q u i r e d . C u r r e n t l y c a r b o n 
monoxide i s e x t r a c t e d f r o m m i x t u r e s o f c a r b o n monoxide and 
h y d r o g e n . Two main s e p a r a t i o n t e c h n i q u e s a r e c u r r e n t l y be ing 
used t o s e p a r a t e t h e two gases : The f i r s t i s s e l e c t i v e 
a b s o r p t i o n o f c a r b o n monoxide u s i n g s o l u t i o n s c o n t a i n i n g copper 
(I) s a l t s e.g. C u A l C l ^ , t h e c a r b o n monoxide be ing r e c o v e r e d by 
h e a t i n g t h e s o l u t i o n under r e d u c e d p r e s s u r e . This p rocess 
g e n e r a t e s c a r b o n monoxide w i t h t h e main i m p u r i t i e s be ing ca rbon 
d i o x i d e , n i t r o g e n and methane. The second method f o r p r o d u c i n g 
c a r b o n monoxide i s by low t e m p e r a t u r e f r a c t i o n a l d i s t i l l a t i o n 
o f c a r b o n m o n o x i d e / h y d r o g e n m i x t u r e s , f o l l o w e d by l i q u i d 
methane wash ing . The ma jo r i m p u r i t i e s i n t h i s p rocess a r e 
methane and h y d r o g e n . 
M i x t u r e s o f c a r b o n monoxide and h y d r o g e n a r e known as 
s y n t h e s i s gas , and may be c o n v e n i e n t l y p r e p a r e d f r o m many 
c a r b o n a c e o u s m a t e r i a l s , such as c o a l o r p e t r o l e u m f r a c t i o n s . 
These m a t e r i a l s a r e combus ted i n t h e p resence o f a i r or oxygen 
a n d / o r s team, t h e c r u d e m i x t u r e i s t h e p u r i f i e d t o remove soo t 
and s u l p h u r c o n t a i n i n g i m p u r i t i e s . The gas m i x t u r e f r o m t h i s 
s t a g e has a c a r b o n monoxide t o h y d r o g e n r a t i o dependent upon 
t h e s t a r t i n g m a t e r i a l and t h e c o n d i t i o n s used. S y n t h e s i s gas 
m i x t u r e s w i t h p r e d e t e r m i n e d c a r b o n monoxide t o hydrogen r a t i o s 
can be made by a d j u s t m e n t v i a t h e w a t e r gas s h i f t r e a c t i o n , 
f o l l o w e d by c a r b o n d i o x i d e r emova l , 
i .e . CO + H^O > CO^ + H^ 
I n d u s t r i a l l y t h e m a j o r i t y o f c a t a l y t i c processes employ 
h e t e r o g e n e o u s c a t a l y s t s f o r b o t h c o n t i n u o u s and b a t c h 
r e a c t i o n s . One main r eason f o r t h i s i s t h e d i f f i c u l t i e s 
i n v o l v e d in t h e r e c o v e r y o f homogeneous c a t a l y s t s f r o m t h e 
r e a c t i o n media. The o n l y e x c e p t i o n s t o t h i s a r e p rocesses in 
which a l l t h e r e a c t a n t s and p r o d u c t s a r e v o l a t i l e , and hence 
can be e a s i l y s e p a r a t e d f r o m t h e c a t a l y s t m i x t u r e . Homogeneous 
c a t a l y s t s however a r e u s u a l l y more s e l e c t i v e t h a n t h e i r 
h e t e r o g e n e o u s c o u n t e r p a r t s , and hence may f i n d i n c r e a s i n g use 
in i n d u s t r i a l p roces se s where t h e f o r m a t i o n o f b y - p r o d u c t s i s a 
s e r i o u s d i s a d v a n t a g e . 
C a r b o n y l a t i o n r e a c t i o n s a r e o f c o n s i d e r a b l e i m p o r t a n c e in 
i n d u s t r i a l s y n t h e t i c o r g a n i c c h e m i s t r y , f o r example i n t h e 
c o n v e r s i o n o f methanol t o e t h a n o i c a c i d u s i n g a rhodium 
c a t a l y s t . The t e r m c a r b o n y l a t i o n can be a p p l i e d t o any r e a c t i o n 
i n which t h e end p r o d u c t c o n t a i n s a c a r b o n y l g r o u p d e r i v e d f o r m 
c a r b o n monoxide. I n d u s t r i a l l y t h e most w i d e l y employed 
c a r b o n y l a t i o n r e a c t i o n i s h y d r o f o r m y l a t i o n o f a lkenes t o 
a l d e h y d e s , c u r r e n t p r o d u c t i o n be ing a b o u t 5 m i l l i o n t o n s 
a n n u a l l y w o r l d w i d e . 
The t e r m f a t t y a c i d can be a p p l i e d t o c a r b o x y l i c a c i d s 
w i t h l ong a l i p h a t i c cha ins . The cha in may c o n t a i n v a r i o u s 
deg rees o f u n s a t u r a t i o n f r o m t o none t o g r e a t e r t h a n t h r e e 
d o u b l e bonds . These a c i d s a r e f o u n d n a t u r a l l y as t h e g l y c e r i d e 
e t e r s . The f r e e a c i d s a r e made by h y d r o l y s i s o f these 
g l y c e r i d e s f o l l o w e d by a c i d i f i c a t i o n . The g l y c e r i d e s a re f o u n d 
i n t h e e x t r a c t s o f many p l a n t s and animal f a t s , such as r ape 
seed o i l , t a l l o w , and cocoa bean e x t r a c t . The f a t t y a c id s can 
be c o n v e r t e d i n t o many d e r i v a t i v e s , common d e r i v a t i v e s be ing 
amides, n i t r i l e s and amines. A l l o f these compounds f i n d 
i n d u s t r i a l uses as, f o r example , s u r f a c t a n t s and l u b r i c a n t s f o r 
p l a s t i c s . 
1.2. C a r b o n y l a t i o n o f a lkenes 
The r e a c t i o n s t u d i e d he re i s t h e a l k o x y c a r b o n y l a t i o n o f 
a lkenes u s i n g a c a t a l y s t based upon d i c o b a l t o c t a c a r b o n y l under 
h i g h p r e s s u r e s o f c a r b o n monoxide and h igh t e m p e r a t u r e s ( 
t y p i c a l l y 150 - 200 a tm, 150 - 2 0 0 ° C ). The r e a c t i o n i s one o f 
a g e n e r a l c l a s s o f r e a c t i o n s which i n v o l v e t h e a d d i t i o n o f an 
o r g a n i c molecule , w i t h an a c t i v e h y d r o g e n atom t o an a lkene 
g r o u p w i t h t h e f i n a l p r o d u c t c o n t a i n i n g a c a r b o n y l g r o u p 
d e r i v e d f r o m c a r b o n monoxide : -
CH^ = CH^ + CO + ZH > CH^—CH^ 
i;o H 
Z 
ZH = ROH, RNH^, R2NH, RCOOH and RSH 
The t e r m a l k o x y c a r b o n y l a t i o n i s used when t h e f u n c t i o n a l 
g r o u p p r o d u c e d i s an e s t e r . When t h e ZH r e a g e n t i s w a t e r , a c i d s 
a r e f o r m e d and t h i s i s known as h y d r o c a r b o x y l a t i o n , a l t h o u g h 
f o r m a l l y t h i s p r o c e s s s h o u l d be c l a s s i f i e d as h y d r o x y -
c a r b o n y l a t i o n . A n o t h e r c l a s s o f c a r b o n y l a t i o n r e a c t i o n s which 
do no t i n v o l v e t h e a d d i t i o n o f h y d r o g e n b u t i n v o l v e t h e 
a d d i t i o n o f o t h e r g r o u p s t o a doub le bond i n s t e a d o f hyd rogen 
a r e shown be low: -
PdCU 
^ CH^CICH^COCI 
CCl . 4 
ROH 








CH^ = CHCOOR 
Many o f t h e r e a c t i o n s i n v o l v e t h e s t o i c h i o m e t e r i c use o f a 
t r a n s i t i o n m e t a l spec ies , commonly o f p a l l a d i u m . These 
r e a c t i o n s a r e m e c h a n i s t i c a l l y somewhat d i f f e r e n t t o the 
p r e v i o u s examples and w i l l n o t be d i s c u s s e d f u r t h e r . 
The a l k o x y c a r b o n y l a t i o n o f a lkene s u b s t r a t e s i s f o r m a l l y 
a n a l o g o u s t o t h e h y d r o f o r m y l a t i o n o f a lkenes , which i n v o l v e s 
t h e a d d i t i o n o f a h y d r o g e n and a f o r m y l g r o u p t o t h e same 
s u b s t r a t e t y p e i . e . ZH i s e q u i v a l e n t t o h y d r o g e n . The f i r s t 
r e p o r t s o f a c i d and e s t e r s y n t h e s i s were g i v e n by Reppe ( 1 ), 
who r e a c t e d n i c k e l t e t r a c a r b o n y l w i t h a c e t y l e n e . The r e a c t i o n s 
however r e q u i r e a s t o i c h i o m e t r i c q u a n t i t y o f t h e t r a n s i t i o n 
m e t a l . The f i r s t r e p o r t s o f c a t a l y t i c f o r m a t i o n o f e s t e r s were 
b y D u p o n t e t a l ( 2 ) , a n d N a t t a a n d P i n o ( 3 ) d u r i n g t h e i r 
s t u d i e s o f t h e h y d r o f o r m y l a t i o n o f o ( - p i n e n e i n m e t h a n o l , t h e 
c a t a l y s t u s e d b e i n g d e r i v e d f r o m m e t a l l i c c o b a l t . 
S t o i c h i o m e t r i c s y n t h e s i s o f a c i d s a n d e s t e r s h a s been 
W i d e l y s t u d i e d , c h i e f l y u s i n g n i c k e l t e t r a c a r b o n y l a s t h e 
t r a n s i t i o n m e t a l s p e c i e s ( 4 ) . The r e a c t i o n b e t w e e n a l k e n e s 
a n d n i c k e l t e t r a c a r b o n y l i s c a r r i e d o u t i n t h e p r e s e n c e o f an 
e x c e s s o f w a t e r a n d a l c o h o l . T h e r e a c t i o n r e q u i r e s t h e u s e o f 
e l e v a t e d t e m p e r a t u r e s , i . e . 250 - 300°C b e i n g t y p i c a l when no 
p r o m o t e r s a r e u s e d i n t h e s y s t e m . The a d d i t i o n o f h a l i d e i o n s , 
u s u a l l y h y d r o g e n c h l o r i d e , o r t h e p r e s e n c e o f a c i d s i n t h e 
r e a c t i o n m e d i a g r e a t l y r e d u c e s t h e t e m p e r a t u r e r e q u i r e d f o r 
r e a c t i o n t o o c c u r . T h e r e a c t i o n a l s o seems t o b e i n f l u e n c e d b y 
u l t r a - v i o l e t l i g h t , t h e y i e l d b e i n g e n h a n c e d b y e x p o s u r e . 
HCl 
He(CH_)_CH=CH^ + N i ( C O ) . + H „ 0 > KeiCH^)^CHCOOti + N i C U 
2 5 2 4 2 5 o - 6 0 ° C 2 ^ 2 
He 
T h i s r e a c t i o n c a n a l s o be c a r r i e d o u t u s i n g a l k y n e s . F o r 
e x a m p l e , e t h y n e w i l l r e a c t t o g i v e a c r y l i c a c i d . I r o n c o m p o u n d s 
h a v e a l s o b e e n u s e d i n s t o i c h i o m e t r i c s y n t h e s i s o f a c i d s a n d 
e s t e r s ? t h e s e a r e p r o d u c e d b y r e a c t i o n o f a l k e n e s w i t h 
p o t a s s i u m h y d r i d o t e t r a c a r b o n y l f e r r a t e . The i n t e r m e d i a t e a c y l 
m e t a l s p e c i e s , w h i c h a r e p r e s u m a b l y f o r m e d , a r e o x i d i s e d t o 
e s t e r s u s i n g i o d i n e i n e t h a n o l . A n o t h e r r o u t e n o t i n v o l v i n g 
a l k e n e s , u s e s a l k y l h a l i d e s a n d s o d i u m t e t r a c a r b o n y l f e r r a t e , 
t h e p r o d u c t s b e i n g o b t a i n e d b y o x i d a t i o n o f t h e r e s u l t i n g m e t a l 
c o m p l e x e s . 
I n t h e c a s e o f c o b a l t m e d i a t e d f o r m a t i o n o f a c i d s a n d 
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e s t e r s , t h e p r o d u c t s a r e f o r m e d b y r e a c t i o n o f a c y l c o b a l t 
s p e c i e s W i t h e i t h e r a n a l c o h o l o r a n a l c o h o l a n d i o d i n e . The 
a c y l c o b a l t t e t r a c a r b o n y l c o m p l e x e s may be p r e p a r e d b y d i r e c t 
r e a c t i o n o f a n o l e f i n w i t h h y d r i d e c o b a l t t e t r a c a r b o n y l , o r v i a 
r e a c t i o n o f a n a l k y l h a l i d e w i t h s o d i u m t e t r a c a r b o n y l 
c o b a l t a t e . H e c k r e p o r t e d t h e d i r e c t a l c o h o l y s i s o f a c y l c o b a l t 
t e t r a c a r b o n y l w i t h m e t h a n o l ( 5 ), t h e p r o p o s e d c o b a l t s p e c i e s 
f o r m e d b e i n g t h e h y d r i d o c o b a l t t e t r a c a r b o n y l . T h i s s p e c i e s was 
n o t d e t e c t e d h o w e v e r , p r e s u m a b l y d u e t o i t s i n s t a b i l i t y a t 5 0 ° C 
w i t h o u t a c a r b o n m o n o x i d e a t m o s p h e r e . 
The m e c h a n i s m p r o p o s e d f o r t h e c a t a l y t i c h y d r o x y -
c a r b o n y l a t i o n o f a l k e n e s u s i n g c o b a l t b a s e d c a t a l y s t s i s 
b e l i e v e d t o be f o r m a l l y s i m i l a r t o t h e r e a c t i o n scheme 
g e n e r a l l y a c c e p t e d f o r t h e h y d r o f o r m y l a t i o n r e a c t i o n . The 
a c t i v e c o b a l t c o m p l e x , p r o p o s e d a s b e i n g f o r m e d v i a t h e w a t e r 
g a s s h i f t r e a c t i o n : -
CO + > + 
+ CO^{CO)Q > 2HCo(C0)^ 
H o w e v e r t h e r e i s n e i t h e r d i r e c t e v i d e n c e f o r t h e e x i s t a n c e o f 
t h e h y d r i d o s p e c i e s n o r f o r t h e i m p o r t a n c e o f t h e w a t e r g a s 
s h i f t r e a c t i o n i n a l k o x y c a r b o n y l a t i o n . K i n e t i c s t u d i e s o f t h i s 
r e a c t i o n a n d t h e h y d r o x y c a r b o n y l a t i o n r e a c t i o n h a v e shown t h a t 
t h e s e r e a c t i o n s a r e much s l o w e r t h a n t h e c o r r e s p o n d i n g h y d r o -
f o r m y l a t i o n r e a c t i o n ( 6 ) . T h e o t h e r m a i n d i f f e r e n c e s f o u n d 
w e r e i n t h e o r d e r o f t h e s e r e a c t i o n s w i t h r e s p e c t t o t h e o l e f i n 
s u b s t r a t e . I n t h e c a s e o f h y d r o f o r m y l a t i o n , t h e o r d e r i s a b o u t 
1; t h i s d r o p s t o 0 .5 f o r h y d r o x y c a r b o n y l a t i o n a n d i s 
a p p r o x i m a t e l y z e r o f o r t h e a l k o x y - c a r b o n y l a t i o n r e a c t i o n . 
T h e a d d i t i o n o f n i t r o g e n b a s e s t o t h e a l k o x y c a r b o n y l a t i o n 
r e a c t i o n h a s a d r a m a t i c e f f e c t on t h e y i e l d s o b t a i n e d . I f 
s t r o n g n i t r o g e n b a s e s s u c h a s t r i e t h y l a m i n e a r e u s e d t h e n t h i s 
v i r t u a l l y s t o p s t h e r e a c t i o n a n d o n l y low y i e l d s a r e o b t a i n e d 
( 7 ) . T h i s may be e x p l a i n e d b y r e a c t i o n o f t h e b a s e w i t h t h e 
h y d r i d o c o b a l t c o m p l e x t o g i v e r e l a t i v e l y s t a b l e s a l t s , t h u s 
p r e v e n t i n g t h e a d d i t i o n o f t h e h y d r i d o c o m p l e x t o t h e a l k e n e . 
I f , h o w e v e r , a m i l d e r b a s e s u c h a s p y r i d i n e i s u s e d an i n c r e a s e 
i n y i e l d i s o b t a i n e d ( 8 ). T h i s h a s b e e n e x p l a i n e d b y 
p o s t u l a t i n g t h a t t h e b a s e a i d s t h e a l c o h o l y s i s o f t h e a c y l 
c o b a l t c o m p l e x v i a f o r m a t i o n o f a p y r i d i n i u m s p e c i e s : -
KCOCo(CO)^ + p y > RCOpy"^ + Co(CO)^~ 
RCOpy"^ + R'OH > RCOOR' + H"^ + p y 
T h i s e x p l a n a t i o n a l s o r e l i e s on t h e a l c o h o l y s i s o f t h e 
a c y l c o b a l t s p e c i e s b e i n g t h e r a t e d e t e r m i n i n g s t e p i n t h e 
r e a c t i o n . S u p p o r t f o r t h i s comes f r o m t h e c h a n g e i n o r d e r o f 
t h e r e a c t i o n , w i t h r e s p e c t t o t h e a l k e n e , on t h e a d d i t i o n o f 
t h e p y r i d i n e f r o m a b o u t z e r o t o an o r d e r o f one ( 9 ). 
A l t h o u g h no s p e c t r o s c o p i c s t u d i e s h a v e been c o n d u c t e d on 
t h e h y d r o x y c a r b o n y l a t i o n o r a l k o x y c a r b o n y l a t i o n r e a c t i o n s , 
s t u d i e s h a v e b e e n c a r r i e d o u t on t h e h y d r o f o r m y l a t i o n r e a c t i o n 
u s i n g c o b a l t c a t a l y s t s ( 10, U ) . T h e s e s t u d i e s h a v e r e v e a l e d 
t h e e x i s t a n c e o f b o t h t h e h y d r i d o - t e t r a c a r b o n y l c o b a l t c o m p l e x 
a n d t h e a c y l - t e t r a c a r b o n y l c o b a l t s p e c i e s i n t h e r e a c t i o n 
m i x t u r e . T h e s t u d i e s a l s o show t h a t f o r t e r m i n a l a l k e n e s t h e 
r a t e d e t e r m i n i n g s t e p f o r t h e h y d r o f o r m y l a t i o n r e a c t i o n i s t h e 
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h y d r o g e n a t i o n o f t h e a c y l c o m p l e x t o g i v e t h e a l d e h y d e . 
The s t u d y u n d e r t a k e n h e r e i s c o n c e r n e d w i t h an 
e x a m i n a t i o n o f some o f t h e i n t e r m e d i a t e s i n v o l v e d i n t h e 
a l k o x y c a r b o n y l a t i o n r e a c t i o n . The i n v e s t i g a t i o n i s c o n c e r n e d 
w i t h t h e e f f e c t o f c a t a l y s t t y p e , c o - r e a c t a n t s s u c h a s h a l i d e s 
o r p y r i d i n e , a n d p h y s i c a l c o n d i t i o n s on t h e c o n v e r s i o n a n d 
s e l e c t i v i t y o f t h e r e a c t i o n . T h e r e a c t i o n h a s a l s o b e e n s t u d i e d 
b y i n f r a - r e d s p e c t r o s c o p y b o t h a t r o o m p r e s s u r e a n d u n d e r ' i n -
s i t u ' c o n d i t i o n s , t o p r o v i d e a n a s s e s s m e n t o f p r o p o s e d 
c a t a l y t i c i n t e r m e d i a t e s a n d p o s s i b l e r e a c t i o n m e c h a n i s m s . 
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2.1 T e c h n i q u e s 
2 .1 .1 . M a n i p u l a t i o n o f a i r / o r m o i s t u r e s e n s i t i v e 
m a t e r i a l s 
A l l r e a c t i o n s r e q u i r i n g t h e a b s e n c e o f a i r / m o i s t u r e w e r e 
c a r r i e d o u t u n d e r a d r y n i t r o g e n a t m o s p h e r e w i t h a l l s o l v e n t s 
d r i e d b y s u i t a b l e m e t h o d s a n d e i t h e r s t o r e d u n d e r d r y n i t r o g e n 
o r d e g a s s e d p r i o r t o u s e . T h e n i t r o g e n was o b t a i n e d f r o m t h e 
g e n e r a l l a b o r a t o r y s u p p l y a n d s u b s e q u e n t l y d r i e d b y p a s s a g e 
t h r o u g h c o n c e n t r a t e d s u l p h u r i c a c i d a n d p h o s p h o r u s p e n t o x i d e . 
T h e d r y n i t r o g e n w a s t h e n c o n n e c t e d d i r e c t l y t o t h e v a c u u m l i n e 
so t h a t a p p a r a t u s c o u l d be r e a d i l y e v a c u a t e d a n d r e f i l l e d w i t h 
a n i n e r t a t m o s p h e r e . T h e v a c u u m l i n e was f i t t e d w i t h a m e r c u r y 
d i f f u s i o n p u m p a n d was c a p a b l e o f g e n e r a t i o n a v a c u u m e x c e e d i n g 
0 .05mm H g . 
S a m p l e s w h i c h r e q i u r e d m o r e c o m p l e x m a n i p u l a t i o n s ( i . e . 
f o r i n f r a - r e d s p e c t r o s c o p y ) w e r e h a n d l e d i n a d r y n i t r o g e n 
g l o v e b o x . T h e b o x w a s s u p p l i e d w i t h n i t r o g e n d r i e d a s a b o v e 
a n d t h e a t m o s p h e r e was c o n t i n u a l l y r e c y c l e d t h r o u g h a 
p h o s p h o r u s p e n t o x i d e t o w e r . 
2 . 1 . 2 . P h y s i c a l t e c h n i q u e s 
C h r o m a t o g r a p h y 
L i q u i d s a m p l e s w e r e a n a l y s e d u s i n g g a s l i q u i d 
c h r o m a t o g r a p h y ( g . l . c . ), v a r i o u s c o l u m n t y p e s w e r e s e l e c t e d 
d e p e n d i n g u p o n t h e b o i l i n g p o i n t a n d c h e m i c a l f u n c t i o n a l i t y o f 
t h e c o m p o u n d s . T h e h i g h e r b o i l i n g m a t e r i a l s w e r e a n a l y s e d u s i n g 
a V a r i a n 3 7 0 0 s e r i e s i n s t r u m e n t e q u i p p e d w i t h a 1 m e t e r 3mm 
o . d . s t a i n l e s s s t e e l c o l u m n p a c k e d w i t h 10% OV-101 on 
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c h r o m o s o r b G. T h e i n s t r u m e n t was e q u i p p e d w i t h a f l a m e 
i o n i s a t i o n d e t e c t o r . D e t a i l s o f t h e t e m p e r a t u r e p r o g r a m m e w e r e 
v a r i e d d e p e n d i n g u p o n t h e s a m p l e b e i n g a n a l y s e d , b u t t y p i c a l 
c o n d i t i o n s w e r e : -
t = 0 t o 5 m i n u t e s - a t 1 7 0 ° C 
t = 5 m i n u t e s o n w a r d s - a n i n c r e a s e i n t e m p e r a t u r e o f 1 0 ° C / m i n . 
t o 2 8 0 ° C 
I n j e c t o r t e m p e r a t u r e a t 2 7 0 ° C 
Amine a n a l y s i s was c a r r i e d o u t on a P y e Un icam 5 8 0 B 
i n s t r u m e n t u s i n g a t h r e e m e t r e g l a s s c o l u m n p a c k e d w i t h 
c h r o r a o s o r b 2 0 M ( 2% KOH w a s h e d ) . 
H e x e n e s a n d l o w b o i l i n g m a t e r i a l s w e r e a n a l y s e d u s i n g a 
H e w l e t t P a c k a r d 5 8 9 0 A i n s t r u m e n t e q u i p p e d w i t h a t w e n t y f i v e 
m e t r e SE 3 0 c a p i l l a r y c o l u m n . T h e t e m p e r a t u r e p r o g r a m m e was 
t y p i c a l l y : -
t = 0 t o 5 m i n u t e s - a t 3 0 ° C 
t = 5 m i n u t e s o n w a r d s - a n i n c r e a s e i n t e m p e r a t u r e a t 1 0 ° C / m i n . 
t o 1 7 0 ° C 
T h e c o m p o s i t i o n o f t h e p r o d u c t m i x t u r e c o u l d be 
d e t e r m i n e d b y o n e o f t w o m e t h o d s , t h e f i r s t m e t h o d r e q u i r e d t h e 
p r e s e n c e o f a n i n t e r n a l s t a n d a r d i n t h e i n i t i a l r e a c t i o n 
m i x t u r e w h i c h w o u l d n o t r e a c t u n d e r t h e c o n d i t i o n s e m p l o y e d i n 
t h e e x p e r i m e n t . A t y p i c a l i n t e r n a l s t a n d a r d u s e d was n -
h e x a d e c a n e . F r o m t h e a r e a r a t i o s b e f o r e a n d a f t e r r e a c t i o n , t h e 
a m o u n t o f r e a c t a n t i n t h e p r o d u c t m i x t u r e c o u l d be c a l c u l a t e d 
t h u s : -
W. = W._ * ( a . / a ) / ( a . ^ / a ^ ^ ) 
i iO 1 r lO r O 
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w h e r e = w e i g h t o f i - t h c o m p o n e n t a f t e r t h e e x p e r i m e n t 
= w e i g h t of i - t h c o m p o n e n t before t h e e x p e r i m e n t 
a . / a ^ = a r e a r a t i o f o r t h e i - t h c o m p o n e n t t o t h e r e f e r e n c e 
a f t e r t h e e x p e r i m e n t 
a . ^ / a ^ Q = a r e a r a t i o f o r t h e i - t h c o m p o n e n t t o t h e r e f e r e n c e 
b e f o r e t h e e x p e r i m e n t 
T h e s e c o n d m e t h o d f o r c a l c u l a t i n g t h e c o m p o s i t i o n o f a 
m i x t u r e i n v o l v e s t h e u s e of r e s p o n s e f a c t o r s f o r e a c h c o m p o n e n t 
Within the mixture. T h e s e direct ly relate the a r e a o f a p e a k t o 
t h e w e i g h t p e r c e n t a g e t h r o u g h t h e f o l l o w i n g e x p r e s s i o n : -
%W. = f. * a. * 100 1 1 1 
^ f . * a . 1 1 
w h e r e W. = w e i g h t p e r c e n t o f i - t h c o m p o n e n t 
a . = a r e a o f i - t h c o m p o n e n t 
f, = r e s p o n s e f a c t o r f o r i - t h c o m p o n e n t 
E a c h w e i g h t p e r c e n t a g e c a n t h e n be n o r m a l i s e d s u c h t h a t t h e 
t o t a l n u m b e r of m o l e s of c o m p o u n d s d e r i v e d f r o m a g i v e n 
r e a c t a n t e q u a l s t h e n u m b e r o f m o l e s o f c o m p o u n d i n i t i a l l y 
c h a r g e d . T h e s e r e s u l t s , f o r b o t h m e t h o d s , c a n t h e n be u s e d to 
c a l c u l a t e t h e p e r c e n t a g e m o l a r c o n v e r s i o n a n d m o l a r s e l e c t i v i t y 
v i a t h e f o l l o w i n g e q u a t i o n s : -
% m o l a r c o n v e r s i o n = n u m b e r o f m o l e s c o n v e r t e d * 100 
n u m b e r o f m o l e s c h a r g e d 
% m o l a r s e l e c t i v i t y = n u m b e r o f m o l e s of that p r o d u c t * 100 
n u m b e r o f m o l e s r e a c t a n t c o n s u m e d 
I n t h e c a s e o f c o m p o u n d s v e r y s i m i l a r i n n a t u r e , o r f o r a 
s e r i e s o f i s o m e r s , t h e r e s p o n s e f a c t o r s a r e t h e same a n d hence 
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d i r e c t a r e a r a t i o s c a n be u s e d . 
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H a n d C n .m. r . s p e c t r o s c o p y 
R o u t i n e ^H a n a l y s i s o f s a m p l e s was a c c o m p l i s h e d u s i n g a 
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6 0 MHz V a r i a n s p e c t r o m e t e r . H i g h r e s o l u t i o n H a n d C s p e c t r a 
w e r e r e c o r d e d on e i t h e r a B r u k e r W H 3 6 0 o r a B r u k e r 
W M 3 0 0 W B c o u r t e s y o f N e w c a s t l e a n d E d i n b u r g h U n i v e r s i t i e s 
r e p e c t i v e l y . 
M a s s s p e c t r o s c o p y 
M a s s s p e c t r a w e r e r e c o r d e d u s i n g a V.G. 7 0 7 0 E i n s t r u m e n t , 
i o n i s a t i o n b e i n g a c h i e v e d e i t h e r w i t h a 7 0 eV e l e c t r o n beam o r 
b y u s i n g i s o b u t a n e a s a c h e m i c a l i o n i s i n g g a s . S a m p l e i n s e r t i o n 
w a s V i a e i t h e r a d i r e c t i n s e r t i o n p r o b e o r v i a a l i n k e d g . l . c . 
m a c h i n e . 
I n f r a - r e d s p e c t r o s c o p y 
R o u t i n e i n f r a - r e d ( 4 0 0 0 - 2 5 0 cm ^ ) w e r e r e c o r d e d on a 
P e r k i n E l m e r 5 7 7 o r 4 5 7 g r a t i n g s p e c t r o m e t e r . S o l i d s a m p l e s 
w e r e p r e p a r e d a s n u j o l m u l l s , i n an i n e r t a t m o s p h e r e f o r 
a i r / m o i s t u r e s e n s i t i v e s a m p l e s , o r a s K B r d i s c s f o r s a m p l e s o f 
a i r / m o i s t u r e s t a b l e m a t e r i a l . S o l u t i o n s p e c t r a w e r e r e c o r d e d 
u s i n g a 0.1mm s o l u t i o n c e l l w i t h e i t h e r K B r o r C a F g w i n d o w s . 
H i g h p r e s s u r e s o l u t i o n s p e c t r a w e r e r e c o r d e d on a P e r k i n 
E l m e r 2 5 7 s p e c t r o m e t e r , m o d i f i e d t o a c c e p t t h e h i g h p r e s s u r e 
s o l u t i o n c e l l s b y t h e u s e o f f o u r e x t r a c o n c a v e m i r r o r s . The 
s y s t e m i s s i m i l a r t o t h a t u s e d b y Whyman ( 1 ), e x c e p t t h a t an 
e x t r a c e l l i s u s e d i n t h e r e f e r e n c e beam t o c o m p e n s a t e f o r 
s o l v e n t a n d d i s s o l v e d g a s a b s o r p t i o n s . The c e l l s a r e b a s e d o f f 
a d e s i g n b y I . C . I , a n d u s e C a F 2 w i n d o w s . T h e s e w e r e f o u n d t o 
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e x t r u d e s l o w l y d u r i n g r e a c t i o n ( 2 ) t h u s c h a n g i n g t h e p a t h 
l e n g t h . S p e c t r a w e r e r e c o r d e d in t h e r e g i o n 2 3 0 0 cm ^ t o 1 4 0 0 
cm ^ A c r o s s s e c t i o n o f t h e c e l l i s shown i n F i g u r e 2 . 1 . 
2.1-3. A n a l y t i c a l m e t h o d s 
C a r b o n , h y d r o g e n a n d n i t r o g e n 
C a r b o n , h y d r o g e n a n d n i t r o g e n a n a l y s e s w e r e d e t e r m i n e d b y 
m i c r o c o m b u s t i o n u s i n g a P e r k i n E l m e r 2 4 0 e l e m e n t a l a n a l y s e r . 
M e t a l s 
M e t a l s w e r e d e t e r m i n e d b y a t o m i c a b s o r p t i o n 
s p e c t r o p h o t o m e t r y u s i n g a P e r k i n E l m e r 4 0 3 i n s t r u m e n t . 
P h o s p h o r u s a n d h a l o g e n s 
P h o s p h o r u s a n d c h l o r i n e analyses w e r e d e t e r m i n e d by 
i n i t i a l t r e a t m e n t o f a w e i g h e d s a m p l e w i t h o x y g e n i n a n i c k e l 
P a r r b o m b . T h e r e s i d u e i s a c i d i f i e d w i t h c o n c e n t r a t e d n i t r i c 
a c i d a n d d i l u t e d t o lOOml w i t h d i s t i l l e d w a t e r . P h o s p h o r u s i s 
m e a s u r e d by t r e a t m e n t o f a suitable p o r t i o n o f the solution 
With ammonium mdlybdate/ammonium vanadate a n d the m e a s u r e m e n t 
o f t h e a b s o r b a n c e a t 4 2 0 ^ m using a P y e U n i c a m SP 5 0 0 
s p e c t r o p h o t o m e t e r . C h l o r i n e was d e t e r m i n e d by p o t e n t i o m e t r i c 
t i t r a t i o n a g a i n s t M / l O O s i l v e r n i t r a t e s o l u t i o n u s i n g A g / A g C l 
e l e c t r o d e s i n a n a c e t o n e m e d i u m . B r o m i n e a n d i o d i n e w e r e 
d e t e r m i n e d i o d o m e t e r i c a l l y f o l l o w i n g a S c h o n i g e r o x y g e n f l a s k 
c o m b u s t i o n . 
2 . 2 . P r e p a r a t i o n a n d p u r i f i c a t i o n o f s t a r t i n g m a t e r i a l s 
2 . 2 . 1 . S o l v e n t s 
M e t h a n o l : - was p u r i f i e d b y r e a c t i n g A n a l a r m e t h a n o l w i t h 
m a g n e s i u m t u r n i n g s ( I g p e r 100ml ) u n d e r a d r y n i t r o g e n 
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F i g u r e 2 . 1 . H i g h p r e s s u r e i n f r a - r e d c e l l 
a t m o s p h e r e . A f t e r t h e r e a c t i o n h a d c e a s e d t h e m e t h a n o l was 
d i s t i l l e d o n t o 3A m o l e c u l a r s i e v e a n d s t o r e d u n d e r a d r y 
a t m o s p h e r e . 
THE : - was d r i e d b y r e f l u x i n g o v e r p o t a s s i u m m e t a l f o l l o w e d b y 
d i s t i l l a t i o n u n d e r a d r y n i t r o g e n b l a n k e t . 
P e t r o l e u m e t h e r s , h e x a n e a n d t o l u e n e : - w e r e e i t h e r u s e d a s 
o b t a i n e d o r d r i e d p r i o r t o u s e b y s t o r i n g o v e r s o d i u m w i r e . A l l 
o t h e r s o l v e n t s w e r e u s e d w i t h o u t p u r i f i c a t i o n . 
2 . 2 . 2 . G a s s e s 
T h e g a s s e s u s e i n he h i g h p r e s s u r e e x p e r i m e n t s w e r e 
s u p p l i e d a s f o l l o w s : - n i t r o g e n a n d h y d r o g e n f r o m B r i t i s h O x y g e n 
C o m p a n y , a n d c a r b o n m o n o x i d e ( C P . g r a d e ) b y A i r P r o d u c t s ; 
a l l g a s s e s w e r e u s e d d i r e c t l y w i t h o u t f u r t h e r p u r i f i c a t i o n . 
2 . 2 . 3 . S t a r t i n g m a t e r i a l s 
D i c o b a l t o c t a c a r b o n y l a n d PPNCo(CO)^ w e r e o b t a i n e d f r o m 
S t r e m C h e m i c a l s a n d w e r e u s e d w i t h o u t p u r i f i c a t i o n . P h o s p h i n e 
l i g a n d s w e r e s u p p l i e d b y B r i t i s h D r u g H o u s e a n d u s e d a s b o u g h t . 
O r g a n o n i t r i l e s p e c i e s f r o m B r i t i s h D r u g H o u s e w e r e s t o r e d o v e r 
3A m o l e c u l a r s i e v e p r i o r t o u s e . O l e o n i t r i l e w a s p r o v i d e d b y 
A k z o Chemie , t h e c r u d e m a t e r i a l b e i n g d i s t i l l e d u n d e r h i g h 
v a c u u m ( c . a . 0.01mm Hg ). Th f r a c t i o n a t b . p . 155 - 1 6 5 ° C was 
c o l l e c t e d a n d s t o r e d o v e r 3A m o l e c u l a r s i e v e . F a t t y a c i d 
a m i n e s , e x c e p t d i - o c t a d e c y l a m i n e w h i c h was o b t a i n e d f r o m 
F l u k a , w e r e g e n e r o u s l y s u p p l i e d b y A k z o Chemie a n d u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . P a l l a d i u m ( I I ) c h l o r i d e a n d p a l l a d i u m 
( I I ) a c e t a t e w e r e o b t a i n e d f r o m A l d r i c h . A l l o t h e r m a t e r i a l s 
w e r e o f t h e b e s t c o m m e r c i a l l y o b t a i n a b l e g r a d e s a n d w e r e u s e d 
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a s s u p p l i e d w i t h o u t p u r i f i c a t i o n u n l e s s s p e c i f i e d . 
2 . 3 . H i g h p r e s s u r e e q u i p m e n t 
T h e h i g h p r e s s u r e w o r k d e t a i l e d i n t h i s t h e s i s was 
c a r r i e d o u t u s i n g t h r e e d i f f e r e n t a u t o c l a v e d e s i g n s . The 
i n f r a - r e d s t u d i e s w e r e a c c o m p l i s h e d u s i n g a n a u t o c l a v e d e s i g n 
s i m i l a r t o t h a t u s e d b y Whyman ( 1 ). The a u t o c l a v e was made 
f r o m a t i t a n i u m a l l o y a n d was c a p a b l e o f o p e r a t i n g u p t o 3 5 0 
B a r 2 5 0 ° C . ( See F i g u r e 2 . 1 . ). The s e c o n d d e s i g n was made b y 
R o c k h u r s t E n g i n e e r s ; made f r o m 316 s t a i n l e s s s t e e l c a p a b l e o f 
o p e r a t i n g a t 3 0 0 B a r a n d 2 0 0 ° C . The a u t o c l a v e h a d a 150 c m ^ 
c a p a c i t y a n d was e q u i p p e d w i t h a M a g n a d r i v e ( s ee F i g u r e 2 . 2 . 
). The t h i r d d e s i g n e m p l o y e d u s e d f o r some o f t h e N - c h l o r o a m i n e 
w o r k t o g e t h e r w i t h t h e R o c k h u r s t d e s i g n , w e r e 3 0 0 m l a n d 6 0 0 m l 
P a r r a u t o c l a v e s . 
P r e s s u r e m e a s u r e m e n t s w e r e made u s i n g a W i k k a p r e s s u r e 
t r a n s d u c e r o p e r a t i n g i n t h e r a n g e 0 t o 5 0 B a r , t h e o u t p u t f r o m 
t h e t r a n s d u c e r b e i n g r e c o r d e d on an X - Y p l o t t e r f o r g a s u p t a k e 
s t u d i e s . 
A l l h i g h p r e s s u r e reactions w e r e c a r r i e d o u t i n p u r p o s e 
b u i l t h i g h p r e s s u r e f a c i l i t y . T h i s c o n s i s t e d o f a h i g h p r e s s u r e 
c u b i c l e a n d s e p a r a t e c o n t r o l r o o m , t h e w a l l s o f t h e h i g h 
p r e s s u r e c u b i c l e b e i n g c o n s t r u c t e d f r o m s t e e l r e i n f o r c e d 
c o n c r e t e . A l l m a n i p u l a t i o n s , a s regards t e m p e r a t u r e a n d 
p r e s s u r e , o f t h e a u t o c l a v e s w e r e a c c o m p l i s h e d r e m o t e l y v i a 
closed Circuit T . V . , until t h e s y s t e m h a d b e e n depressurised 
after cooling. 
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C H A P T E R T H R E E 
O L E O N I T R I L E / C O B A L T / H E T H A N O L 
S Y S T E M 
3 . L I n t r o d u c t i o n 
T h e work d e t a i l e d in t h i s c h a p t e r i s c o n c e r n e d wi th (i) 
t h e r e a c t i o n b e t w e e n d i c o b a l t o c t a c a r b o n y l a n d L e w i s b a s e s , s u c h 
a s m e t h a n o l a n d o r g a n o - n i t r i l e compounds , s t u d i e d a t a t m o s p h e r i c 
p r e s s u r e a n d ( i i ) a s y s t e m a t i c s t u d y o f t h e h i g h p r e s s u r e 
a l k o x y c a r b o n y l a t i o n r e a c t i o n of o l e o n i t r i l e . The main aim of 
t h i s c h a p t e r i s t o r e p o r t t h e e f f e c t o f t e m p e r a t u r e , p r e s s u r e , 
c a t a l y s t f orm a n d a d d i t i o n of c o - r e a c t a n t s on t h e l a t t e r 
r e a c t i o n . 
3 . 2 . Low p r e s s u r e s t u d y of t h e d i c o b a l t o c t a c a r b o n y l / L e w i s 
b a s e r e a c t i o n 
3.2.1-. E x p e r i m e n t a l 
(a) M e t h a n o l a n d d i c o b a l t o c t a c a r b o n y l a t room t e m p e r a t u r e 
When r e d / b r o w n c r y s t a l s o f d i c o b a l t o c t a c a r b o n y l ( 0 .3g , 1 
mmol ) w e r e a d d e d t o d r y m e t h a n o l u n d e r an i n e r t d r y n i t r o g e n 
a t m o s p h e r e , a d a r k r e d / b r o w n s o l u t i o n was i n i t i a l l y f o r m e d . T h i s 
c o l o u r p e r s i s t s f o r some t ime , g r a d u a l l y f a d i n g u n t i l t h e 
s o l u t i o n , a f t e r 2 .5 t o 3 h o u r s , h a s a p a l e p i n k a p p e a r a n c e . 
D u r i n g t h i s p e r i o d a r a p i d e v o l u t i o n of g a s was i n i t i a l l y 
o b s e r v e d , t h e r a t e d e c r e a s i n g a s t h e r e a c t i o n p r o c e e d e d . The 
s o l u t i o n r e m a i n s u n c h a n g e d a s long a s no o x y g e n i s a d m i t t e d i n t o 
t h e s y s t e m . A i r c a u s e s t h e s o l u t i o n t o l o o s e i t s p i n k n e s s a n d a 
p u r p l e s o l i d t o be d e p o s i t e d , t h i s s o l i d g a v e no i n f r a - r e d 
s p e c t r a i n t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n a n d i s 
p r e s u m a b l y c o b a l t o x i d e . 
D u r i n g t h e r e a c t i o n s a m p l e s were t a k e n a t v a r i o u s t i m e s 
a n d t h e i n f r a - r e d s p e c t r a , i n t h e r e g i o n 2 2 0 0 - 1600 cm \ 
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r e c o r d e d . On a d d i t i o n of t h e d i c o b a l t o c t a c a r b o n y l t h e s o l u t i o n 
showed p e a k s a t 2070(m), 2040(m) a n d 1905(s) c m ~ \ The peak a t 
2070(in) cm ^ was f o u n d t o weaken q u i c k l y d u r i n g t h e f i r s t t e n 
m i n u t e s . T h e r e m a i n i n g p e a k s were p r e s e n t t h r o u g h o u t t h e 
e x p e r i m e n t , o n l y t h e p e a k a t 1 9 0 5 ( v s ) cm ^ d i s a p p e a r i n g on 
e x p o s u r e of t h e s o l u t i o n t o a i r . The p e a k s o b s e r v e d were 
a s s i g n e d a s f o l l o w s 2040(m) cm ^ i s d u e t o t h e methanol and 
c o u l d o b s c u r e o t h e r c a r b o n y l s p e c i e s which may a b s o r b i n t h i s 
r e g i o n . T h e o t h e r p e a k a t 1905(s) cm ^ i s due t o t h e t e t r a h e d r a l 
Co(CO)^~ i o n . T h e i n i t i a l p e a k a t 2070(m) cm ^ was due t o a 
t e r m i n a l c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d of d i s s o l v e d 
m o l e c u l a r d i c o b a l t o c t a c a r b o n y l . 
(b) M e t h a n o l a n d d i c o b a l t o c t a c a r b o n y l a t 5 0 ° C 
T h e a b o v e r e a c t i o n was r e p e a t e d a t a c o n s t a n t t e m p e r a t u r e 
of 5 0 ° C . On t h e a d d i t i o n of t h e d i c o b a l t o c t a c a r b o n y l t h e same 
r e d / b r o w n s o l u t i o n was i n i t i a l l y f o r m e d b u t was f o u n d to f a d e t o 
t h e p i n k s o l u t i o n more q u i c k l y . The i n f r a - r e d s p e c t r a showed t h e 
same p e a k s a s b e f o r e , o n l y t h e 2070(m) cm ^ p e a k d e c r e a s i n g in 
i n t e n s i t y f a r more r a p i d l y . A f t e r h e a t i n g f o r s e v e r a l h o u r s t h e 
s o l u t i o n l o s t i t s p i n k c o l o u r a n d a d a r k g r e y p r e c i p i t a t e 
f o r m e d ; t h i s p r o c e s s was a c c o m p a n i e d by a r e d u c t i o n in t h e 
i n t e n s i t y of t h e 1905 cm~^ p e a k which f i n a l l y d i s a p p e a r e d . 
(c) A c e t o n i t r i l e a n d d i c o b a l t o c t a c a r b o n y l a t room 
t e m p e r a t u r e . 
T h e r e a c t i o n b e t w e e n a c e t o n i t r i l e ( 30ml ) a n d d i c o b a l t 
o c t a c a r b o n y l ( 0 . 3 g , 1 mmol ) was s i m i l a r t o t h e r e a c t i o n w i t h 
m e t h a n o l . T h e i n i t i a l p e a k a t 2 0 7 0 cm~^ d u e t o d i s s o l v e d 
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m o l e c u l a r d i c o b a l t o c t a c a r b o n y l was l e s s p r o m i n e n t in t h e 
i n i t i a l p e r i o d . When t h e s y s t e m was h e a t e d t o r e f l u x t h e 1890(s) 
cm ^ p e a k d u e t o t h e Co(CO)^ ion s l o w l y d e c r e a s e d in i n t e n s i t y 
u n t i l f i n a l l y no c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s were 
o b s e r v e d a n d a f i n e d a r k g r e y p r e c i p i t a t e of c o b a l t m e t a l was 
f o r m e d . 
(d) B e n z y l n i t r i l e a n d d i c o b a l t o c t a c a r b o n y l . 
A d d i t i o n of b e n z y l n i t r i l e ( 30ml ) t o d i c o b a l t 
o c t a c a r b o n y l ( 0 . 3 g , Immol ) p r o d u c e d t h e same d a r k r e d / b r o w n 
s o l u t i o n a s a b o v e . However t h e e v o l u t i o n of g a s was n o t e d to be 
s i g n i f i c a n t l y s l o w e r . T h i s d a r k r e d / b r o w n c o l o u r p e r s i s t e d f o r 
s e v e r a l d a y s , o n l y g r a d u a l l y f a d i n g , b u t t h e s o l u t i o n d i d not 
t u r n t h e f i n a l p i n k c o l o u r a s i n t h e a b o v e c a s e s . On h e a t i n g t o 
5 0 ° C f o r s e v e r a l h o u r s t h e s o l u t i o n f i n a l l y t u r n e d p ink , f u r t h e r 
h e a t i n g c a u s e d d e c o m p o s i t i o n o f t h e c o b a l t c a r b o n y l s p e c i e s 
p r e s e n t , namely Co(CO)^ , t o g i v e c o b a l t m e t a l . In s t u d i e s of 
t h i s r e a c t i o n p e a k s were i n i t i a l l y p r e s e n t a t 2070(m), 2 0 4 0 ( s ) , 
2020(m,sh) a n d 1 8 9 0 ( v s ) cm ^ T h e s e p e a k s p e r s i s t e d f o r s e v e r a l 
h o u r s , t h e p e a k s a t 2 0 7 0 a n d 2 0 4 0 cm ^ g r a d u a l l y weaken ing . 
D u r i n g t h i s t ime two new p e a k s a p p e a r e d a t 2 0 0 0 a n d 1985 cm 
which g r a d u a l l y i n c r e a s e d in i n t e n s i t y w i t h t ime . On h e a t i n g t o 
1 1 0 ° C a l l t h e c a r b o n y l p e a k s e x c e p t t o 1 8 9 5 ( v s ) cm ^ p e a k , 
d i s a p p e a r e d ; w i t h c o n t i n u e d h e a t i n g t h i s p e a k a l s o d e c r e a s e d in 
i n t e n s i t y u n t i l f i n a l l y no p e a k s were o b s e r v e d in t h e c a r b o n y l 
s t r e t c h i n g f r e q u e n c y r e g i o n . 
(e) O l e o n i t r i l e , p r o p a n o n i r t i l e a n d b u t a n o n i t r i l e w i t h 
d i c o b a l t o c t a c a r b o n y l . 
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T h e a b o v e r e a c t i o n s w e r e i n v e s t i g a t e d w i t h t h e a f o r e 
m e n t i o n e d o r g a n o n i t r i l e compounds . T h e i r b e h a v i o u r was s i m i l a r 
t o t h e c a s e a b o v e w i t h b e n z y l n i t r i l e , on ly t h e r e a c t i o n r a t e s 
d i f f e r i n g s l i g h t l y . T h e i n f r a - r e d p e a k s o b s e r v e d were w i t h i n 5 
cm ^ of t h e p e a k s r e p o r t e d a b o v e in t h e r e a c t i o n wi th b e n z y l -
n i t r i l e . In a l l c a s e s a t t e m p t e d i s o l a t i o n of a n y c a r b o n y l 
s p e c i e s was f o u n d d i f f i c u l t d u e t o t h e h igh b o i l i n g n a t u r e of 
t h e o r g a n i c n i t r i l e s a n d l e d t o t h e d e c o m p o s i t i o n of t h e s e m e t a l 
s p e c i e s t o g i v e c o b a l t m e t a l . E x a m p l e s of methods u s e d were; (i) 
r e m o v a l of t h e o r g a n i c l i q u i d s by pumping u n d e r v a c u u m , and ( i i ) 
a d d i t i o n of a n o t h e r s o l v e n t t o p r e c i p i t a t e i n s o l u b l e m a t e r i a l s . 
( f ) R e a c t i o n of a n o r g a n o - n i t r i l e w i t h d i c o b a l t 
o c t a c a r b o n y l i n t h e p r e s e n c e o f met h an o l . 
A s o l u t i o n of a n o r g a n o - n i t r i l e e.g. o l e o n i t r i l e ( 10ml ) , 
in m e t h a n o l ( SOral ) was a d d e d t o d i c o b a l t o c t a c a r b o n y l ( O.Sg , 
Immol ). T h e e x p e r i m e n t f o l l o w e d t h e same c o u r s e a s in t h e 
i n i t i a l r e a c t i o n b e t w e e n m e t h a n o l a n d d i c o b a l t o c t a c a r b o n y l wi th 
none o f t h e new c a r b o n y l a b s o r p t i o n s a t 2 0 0 0 a n d 1985 cm ^ 
a p p e a r i n g . 
3 . 2 . 2 . D i s c u s s i o n 
T h e r e a c t i o n b e t w e e n a L e w i s b a s e a n d d i c o b a l t o c t a -
c a r b o n y l i s f a i r l y complex d e p e n d i n g upon t h e n a t u r e of t h e b a s e 
u s e d . In t h e c a s e o f s t r o n g L e w i s b a s e s , s u c h a s methano l , t h e 
d i c o b a l t o c t a c a r b o n y l d i s s o l v e s in t h e m o l e c u l a r form i n i t i a l l y , 
a s i n d i c a t e d by t h e p r e s e n c e of t h e t e r m i n a l c a r b o n y l s t r e t c h i n g 
f r e q u e n c y b a n d s f o r C o ^ C C O g ( 1 ) a t 2 0 7 5 c m ~ ^ T h e r e t h e n 
2+ 
f o l l o w s a f a i r l y r a p i d r e a c t i o n t o form Co(CO)^ a n d Co(HeOH)g 
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( 2 ), t h e c o b a l t ( II ) ion g i v i n g t h e c h a r a c t e r i s t i c pink c o l o u r 
t o t h e s o l u t i o n . T h i s s o l u t i o n i s on ly s t a b l e i n t h e a b s e n c e of 
o x y g e n a n d a t a m b i e n t t e m p e r a t u r e s o r l o w e r . I f t h e pink 
s o l u t i o n i s h e a t e d o r i f t h e i n i t i a l r e a c t i o n b e t w e e n methano l 
a n d d i c o b a l t o c t a c a r b o n y l i s c a r r i e d o u t a t 5 0 ° C , t h e pink 
c o l o u r a t i o n of t h e s o l u t i o n r a p i d l y f a d e s a n d a d a r k g r e y 
p r e c i p i t a t e o f c o b a l t m e t a l i s d e p o s i t e d . In t h e c a s e of 
a c e t o n i t r i l e t h e same q u a l i t a t i v e r e s u l t s a r e o b t a i n e d on ly t h e 
t ime s c a l e i s d i f f e r e n t . T h e d i s p r o p o r t i o n a t i o n r e a c t i o n i s 
g e n e r a l l y a p p l i c a b l e t o a wide v a r i e t y of o x y g e n o r n i t r o g e n 
c o n t a i n i n g s t r o n g L e w i s b a s e s ( 3 ) t o g i v e c o b a l t ( I D / c o b a l t 
(-1) c o m p l e x e s a s f o l l o w s : -
3 C o „ ( C O ) o + 2nB > 2CoB + 4 C o ( C 0 ) . ~ + SCO 
2 8 n 4 
T h e v a l u e of n i s u s u a l l y s i x f o r u n i d e n t a t e l i g a n d s s u c h a s 
m e t h a n o l o r a c e t o n i t r i l e a n d t h r e e f o r b i d e n t a t e l i g a n d s . 
In t h e c a s e of l o n g e r c h a i n n i t r i l e s p e c i e s t h e r e a c t i o n i s not 
a s s t r a i g h t f o r w a r d ; a s i m i l a r r e s u l t was f o u n d by Wender ( 2 ) 
in t h e r e a c t i o n of b u t a n o l w i t h d i c o b a l t o c t a c a r b o n y l , which d i d 
n o t p r o d u c e t h e Co(CO)^ ion t h e p r o d u c t was c l a i m e d to t o be 
C o 2 ( C 0 ) ^ ( B a s e ) . T h i s s u g g e s t s a d i f f e r e n t r e a c t i o n p a t h w a y , 
p o s s i b l y S i m i l a r t o t h e r e a c t i o n mechanism p r o p o s e d by 
S t a n g h e l l i n i e t a l ( 4 ) in t h e i r s t u d y of t h e r e a c t i o n of 
d i c o b a l t o c t a c a r b o n y l w i t h v a r i o u s amine l i g a n d s : -
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^ C O ^ ( C O ) Q ^ 
C o ^ ( C O ) o L Co^(C0)_ 
C o 2 ( C 0 ) g L 2 Co^tCO^^L 
- C O " ' ^ - C O 
C o 2 ( C 0 ) ^ L 3 Co2(C0).j ,L2 
- C O 
CCo(C0)2L3]CCo(C0)^] CCo(C0)3L23CCo(C0)^] 
T h e e x i s t a n c e of many of t h e a b o v e s p e c i e s h a s not been 
p r o v e n , w i t h some of t h e s e c o m p l e x e s b e i n g g r e a t e r t h a n 18 
e l e c t r o n s p e c i e s . T h u s t h e s e may on ly e x i s t a s t r a n s i t i o n 
s t a t e s , i f a t a l l , a s t h e y r e p r e s e n t c o m p l e x e s w i t h more l i g a n d s 
t h a n i s n e c e s s a r y t o g i v e c o - o r d i n a t i v e l y s a t u r a t e d s p e c i e s . 
In t h e c a s e of t h e l o n g e r c h a i n o r g a n o - n i t r i l e s p e c i e s t h e 
b u l k of t h e s e l i g a n d s may p r e v e n t t h e s u b s t i t u t i o n r e a c t i o n 
p r o c e e d i n g a s f a r a s t h e CoLg[Co(C0)^32 complex . A l s o t h e 
b o n d i n g n a t u r e of t h e n i t r i l e g r o u p i s s u c h t h a t i t i s on ly a 
weak T t - a c c e p t o r a n d a m o d e r a t e a - d o n a t i n g l i g a n d c o m p a r e d wi th 
t h e s t r o n g e r a - d o n a t i n g a l c o h o l s , t h e y a r e t h u s p o o r e r l i g a n d s . • 
T h e e x i s t a n c e of some of t h e p a r t i a l l y s u b s t i t u t e d c o m p l e x e s 
a b o v e c o u l d e x p l a i n t h e u n a s s i g n e d p e a k s i n t h e i n f r a - r e d b u t 
c a n n o t be d e f i n i t e l y a s c r i b e d t o s u c h s p e c i e s . When methanol i s 
a d d e d i t d i s p l a c e s t h e l a r g e r n i t r i l e l i g a n d s a n d hence p r o d u c e s 
t h e c h a r a c t e r i s t i c c o b a l t ( I D / c o b a l t (-1) complex . The 
f o r m a t i o n of c o b a l t (-1) s p e c i e s a r e not i n a g r e e m e n t w i t h 
e a r l i e r t h e o r i e s ( 5 ), which p o s t u l a t e d t h e l o s s of one o r more 
c a r b o n y l g r o u p s a n d t h e s u b s t i t u t i o n by a b a s e t o g i v e a n e u t r a l 
d i - n u c l e a r c o b a l t c o m p l e x : -
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i . e . Co2(C0)g + B —^><^ > C o ^ f C O ^ B + 3 C 0 
In t h e r e a c t i o n b e t w e e n methano l a n d d i c o b a l t o c t a c a r b o n y l 
i n t e r m e d i a t e f o r m a t i o n of t h e s p e c i e s CCo(C0)^B3^ was p o s t u l a t e d 
( 2 ). E v i d e n c e f o r t h e e x i s t a n c e of s u c h a s p e c i e s was r e p o r t e d 
by T u c c i e t a l ( 8 ). T h e i r s t u d y i n v o l v e d t h e r e a c t i o n of 
d i c o b a l t o c t a c a r b o n y l w i t h a n a l c o h o l o r w a t e r in t h e p r e s e n c e 
of a n i o n - e x c h a n g e r e s i n , a n d showed t h a t t h e complex c a t i o n was 
o n l y s t a b l e below 0 ° C . T h e s e c a t i o n s a r e a l s o on ly o b s e r v e d in 
t h e f r e e s t a t e w i t h s t r o n g L e w i s b a s e s s u c h a s p i p e r i d i n e ( 3 ). 
T h e f i n a l p r o d u c t i s r e p o r t e d t o be C C ^ H ^ Q N H C O C C O ^ ' ^ I C C O C C O ) ^ " ] . 
T h e Co(CO)^ ion g e n e r a t e d i n t h e s e L e w i s b a s e s o l u t i o n s i s o n l y 
w e a k l y b a s i c d u e t o t h e l a r g e a c i d i t y o f HCo(CO)^. However 
Co(CO)^ i s r e p o r t e d t o be a c o m p a r a b l e n u c l e o p h i l e t o t h e 
m e t h o x i d e i o n . The o C - p r o t o n s of o r g a n o - n i t r i l e compounds a r e 
r e n d e r e d more a c i d i c due t o t h e e l e c t r o n w i t h d r a w i n g e f f e c t of 
t h e c y a n o g r o u p . A l s o t h e c a r b a n i o n f o r m e d b y r e m o v a l o f one of 
t h e s e p r o t o n s c a n be s t a b i l i s e d v i a c o n j u g a t i o n w i t h t h e TT-
s y s t e m of t h e c y a n o g r o u p . A n a l y s i s of t h e n i t r i l e s o l u t i o n f o r 
c a r b a n i o n d e r i v e d m a t e r i a l s i n d i c a t e d t h a t no r e a c t i o n be tween 
C o ( C 0 ) . ~ a n d t h e n i t r i l e h a d o c c u r r e d e v e n when t h e s o l u t i o n s 
4 
w e r e r e f l u x e d a t 1 0 0 ° C f o r s e v e r a l h o u r s . 
I f g e n e r a t e d , a n a n i o n i c n i t r i l e s p e c i e s would u n d e r g o 
f u r t h e r r e a c t i o n t o p r o d u c e a v a r i e t y of o r g a n i c s p e c i e s . The 
main r e a c t i o n p a t h w a y would i n v o l v e n u c l e o p h i l i c a t t a c k by t h e 
a n i o n i c s p e c i e s on f u r t h e r n i t r i l e f u n c t i o n a l i t i e s : -
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•> RCH = C = N -
R C H ^ C = N -
2 I 
RCHCN RCHCN 
R C H ^ C ^ C=N R C H „ C = N - C = N -
C H 2 R X C H 2 R 
By r e p e a t i n g t h i s l a s t s t e p p o l y m e r i c m a t e r i a l s c a n be f o r m e d . 
I f h o w e v e r , X = RCHCN t h e n c y c l i s a t i o n c o u l d o c c u r a t t h i s s t a g e 
t o g i v e a p y r i m i d i n e on h y d r o l y s i s : -
R C H ^ R C H ^ R C H , I 2 J 2 , 2 
^ R ^ / C R^ ^ C ^ 
CH ^ N CH ^ N ^ CH N 
I > I I - H 3 0 ^ ^ I I I 
V ^ ^ c C C ^ / C c 
N'^ - N ^ CH^R - N ^ -N-^^ CH^R H 2 N ^ N ^ ' ^ " z ^ 
i n t h e c a s e o f X = Co(CO)^~ t r i a z i n e s c o u l d r e s u l t by a s i m i l a r 
p r o c e s s : -
R C H , R C H , 
, 2 I 2 
N - ^ ' ^ N N ^ ' ^ N 
R C H , I I I > I I I + Co(CO) 
c^ ~^  c c c 
X ^ - N ^ ^ C H 2 R R C H ^ ^ N ^ ^ C H 2 R 
3 . 3 . F o r m a t i o n of HeCo(CO)^ in t h e p r e s e n c e of L e w i s b a s e s 
A i m : - t o g e n e r a t e MeCo(CO)^ a n d MeCOCo(CO)^ in t h e p r e s e n c e of 
L e w i s b a s e s a n d t o s t u d y p o s s i b l e i n t e r a c t i o n s w i t h o l e o n i t r i l e . 
3 .3 .1 . E x p e r i m e n t a l 
(a) R e a c t i o n o f Co(CO)^~ w i t h m e t h y l i o d i d e in 
a c e t o n i t r i l e . 
A c e t o n i t r i l e ( 30ml ) was a l l o w e d t o r e a c t wi th d i c o b a l t 
3 0 
o c t a c a r b o n y l ( 0 . 3 g , 1 mmol ) f o r two h o u r s u n d e r an i n e r t 
a t m o s p h e r e . M e t h y l i o d i d e ( 0 . 3g , 2 mmol ) when a d d e d to t h e 
p i n k s o l u t i o n c a u s e d t h e s o l u t i o n t o q u i c k l y t u r n a g r e e n c o l o u r 
which p e r s i s t e d t h r o u g h o u t t h e r e s t of t h e e x p e r i m e n t . The 
e x c e s s a c e t o n i t r i l e when r e m o v e d u n d e r v a c u u m , l e f t a g r e e n 
s o l i d which when a n a l y s e d g a v e a Co t o I r a t i o of 1:0.76. The 
s o l i d was e x t r a c t e d w i t h a c e t o n i t r i l e t h e n f i l t e r e d to g i v e a 
g r e y p o w d e r a n d a g r e e n s o l u t i o n . The g r e y s o l i d showed no 
d i s t i n c t i n f r a - r e d s p e c t r u m a s e x p e c t e d f o r c o b a l t m e t a l . A f t e r 
e v a p o r a t i n g o f f t h e a c e t o n i t r i l e a n d pumping t o d r y n e s s , t h e 
g r e e n s o l i d g a v e Co 14.7%, I 64.9%, C 11.7%, H 2.09% a n d N 5.9% 
c o r r e s p o n d i n g t o Co(HeCN)j^ g l ^ . 
I n f r a - r e d o b s e r v a t i o n of t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y 
r e g i o n i n i t i a l l y showed o n l y t h e Co(CO)^ p e a k a t 1895(vs ) cm ^ 
On a d d i t i o n of t h e m e t h y l i o d i d e t h i s q u i c k l y c h a n g e d a n d new 
a b s o r p t i o n s a p p e a r e d a t 2105(m), 2 0 5 5 ( v s ) , 2 0 3 5 ( v s ) , 2 0 0 5 ( v s ) , 
1955(m), 1935(m) aind 1710(m) c m ~ \ A l l o f t h e s e p e a k s p e r s i s t e d 
t h r o u g h o u t t h e r e s t o f t h e e x p e r i m e n t e x c e p t t h e p e a k s a t 1955 
a n d 1935 cm ^ which d i s a p p e a r e d a f t e r 1 h o u r . T h e s e two p e a k s 
c o u l d not be a s s i g n e d t o a n y c a r b o n y l s p e c i e s . However t h e 
r e m a i n i n g p e a k s a r e c o n s i s t e n t w i t h t h e f o r m a t i o n of MeCOCo(CO)^ 
( p e a k s r e p o r t e d a t 2105(w), 2048(m), 2026(m), 2 0 0 7 ( s ) , 1715(m) 
cm~^ ( 7 ) ). 
(b) R e a c t i o n of Co(CO)^ w i t h m e t h y l i o d i d e in t h e 
p r e s e n c e of o l e o n i t r i l e . 
O l e o n i t r i l e ( 10ml ) i n d r y T H F ( 2 0 ml ) was a l l o w e d t o 
r e a c t w i t h d i c o b a l t o c t a c a r b o n y l ( 0 . 3g , 1 mmol ) f o r s e v e r a l 
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h o u r s ; m e t h y l i o d i d e ( 0 . 3 g , 2 mmol ) was t h e n a d d e d . The 
r e a c t i o n p r o c e e d e d a s d e s c r i b e d a b o v e , w i t h an e x t r a peak in t h e 
i n f r a - r e d d u e t o T H E a t 1990 c m ~ \ The i n f r a - r e d b a n d s due t o 
t h e HeCOCo(CO)^ s p e c i e s w e r e p r e s e n t in t h e r e a c t i o n m i x t u r e f o r 
s e v e r a l d a y s . T h e r e a c t i o n was a l s o r e p e a t e d a t - 2 0 ° C by c o o l i n g 
t h e i n i t i a l o l e o n i t r i l e / d i c o b a l t o c t a c a r b o n y l s o l u t i o n a f t e r 
s e v e r a l h o u r s a t a m b i e n t t e m p e r a t u r e , f o l l o w e d by t h e a d d i t i o n 
of t h e m e t h y l i o d i d e . No new a b s o r p t i o n s were f o u n d in t h e 
i n f r a - r e d a n d no r e a c t i o n b e t w e e n HeCOCo(CO). a n d o l e o n i t r i l e 
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was f o u n d on a n a l y s i s of t h e r e a c t i o n m i x t u r e . O t h e r n i t r i l e 
s p e c i e s were u s e d i n s i m i l a r r e a c t i o n s a n d g a v e q u a l i t a t i v e l y 
t h e same r e s u l t s . I f m e t h y l i o d i d e was r e p l a c e d by i o d o e t h a n e 
t h e n t h e r e a c t i o n w a s o b s e r v e d t o p r o c e e d f a r more s l o w l y , t h e 
Co(CO)^ ion c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d was p r e s e n t f o r 
s e v e r a l h o u r s a f t e r t h e a d d i t i o n of t h e i o d o e t h a n e . 
3 . 3 . 2 . D i s c u s s i o n 
T h e a n i o n Co(CO)^ i s q u i t e n u c l e o p h i l i c ( 8 ) t o w a r d s 
m e t h y l i o d i d e t o f o r m , r a p i d l y , t h e m e t h y l c o b a l t t e t r a c a r b o n y l 
c o m p l e x . T h i s c o m p l e x i s u n s t a b l e a b o v e - 3 5 ° C a n d i s q u i c k l y 
c o n v e r t e d , f i r s t v i a t h e a c y l t r i c a r b o n y l s p e c i e s , t o t h e a c y l 
c o b a l t t e t r a c a r b o n y l complex , t h r o u g h c a r b o n monoxide i n s e r t i o n 
a n d a b s o r p t i o n ( 9 ) : -
MeCo(CO)^ - HeCOCotCOg v. - HeCOCo(CO)^ 
A s c a n be s e e n , t h e p r o d u c t h a s a n e x t r a c a r b o n monoxide 
m o l e c u l e a n d h e n c e some o t h e r c o b a l t s p e c i e s must decompose t o 
s u p p l y t h e e x t r a c a r b o n y l g r o u p . 
T h e a l k y l a n d a c y l c o b a l t t e t r a c a r b o n y l a r e u n s t a b l e 
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u n l e s s t h e a l k y l o r a c y l g r o u p i s p e r f l u o r i n a t e d . R e a c t i o n of a 
Co(CO)^ s a l t With a n a c y l h a l i d e p r o v i d e s a g e n e r a l method of 
s y n t h e s i s o f t h e s e s p e c i e s ( 10 ). The s t a b i l i t y of t h e 
p e r f l u o r o - s p e c i e s h a s been a t t r i b u t e d t o t h e e l e c t r o n w i t h -
d r a w i n g e f f e c t o f t h e s e p e r f l u o r o a l k y l g r o u p s . In t h e c a s e of 
HeCOCo(CO)^ i t s t a r t s t o decompose in t h e p u r e s t a t e a t - 2 0 ° C 
a n d c a n u n d e r g o d e c a r b o n y l a t i o n t o HeCo(CO)^ a t lower 
t e m p e r a t u r e s a n d s u b s e q u e n t l y d e c o m p o s i t i o n a b o v e - 3 5 ° C ( 11 ). 
T h e s o l u t i o n b e h a v i o u r o f t h e s e s p e c i e s i s , h o w e v e r , q u i t e 
d i f f e r e n t a n d a d i l u t e s o l u t i o n of HeCOCo(CO)^ i s r e l a t i v e l y 
s t a b l e a t room t e m p e r a t u r e p a r t i c u l a r l y i n t h e p r e s e n c e of a 
c a r b o n monoxide a t m o s p h e r e . The r e a c t i o n of a l k y l c o b a l t 
t e t r a c a r b o n y l t o form t h e a c y l s p e c i e s i s b e l i e v e d to be a r a p i d 
e q u i l i b r i u m w i t h t h e p r e d o m i n a n t s p e c i e s b e i n g t h e a c y l 
c o m p l e x . T h e e x i s t a n c e of a p e a k a t 1720 cm ^ i n t h e i n f r a - r e d 
of t h e a l k y l s p e c i e s h a s been p o s t u l a t e d a s e v i d e n c e f o r t h e 
e x i s t a n c e of a c y l t r i c a r b o n y l s p e c i e s ; h o w e v e r a b e t t e r 
e x p l a n a t i o n i s t h e f o r m a t i o n of e i t h e r some RCOCo(CO)^ o r 
k e t o n e s v i a d e c o m p o s i t i o n . 
O r g a n o - n i t r i l e compounds a r e known t o r e a c t wi th 
o r g a n o m e t a l l i c r e a g e n t s . T h e r e a r e two main r e a c t i o n p a t h w a y s 
o b s e r v e d : -
R' 
R C = N + MR' > R - C = N - H 
RCH V R' 
I ^ 1 
C . H 
RCHCN + M"^ + R'H 
B o t h r e a c t i o n p a t h w a y s a r e o b s e r v e d w i t h G r i g n a r d r e a g e n t s . The 
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a n i o n s f o r m e d c a n u n d e r g o f u r t h e r r e a c t i o n t o g i v e d i m e r s , 
t r i m e r s a n d s u b s t i t u t e d p y r i m i d i n e s a s ment ioned e a r l i e r . 
H o w e v e r none of t h e s e p r o d u c t s were n o t e d in a n y of t h e n i t r i l e s 
s t u d i e d a b o v e t h u s no i n t e r a c t i o n of MeCOCo(CO)^ a n d a n i t r i l e 
w a s o b s e r v e d . 
3 .4 . P r e p a r a t i o n a n d c h a r a c t e r i s a t i o n of c a r b o x y o l e o n i t r i l e 
m e t h y l e s t e r s by homogeneous c o b a l t c a t a l y s e d m e t h o x y -
c a r b o n y l a t i o n r e a c t i o n s of o l e o n i t r i l e . 
3.4.1. E x p e r i m e n t a l 
O l e o n i t r i l e ( l O g , 0 . 0 3 8 mol ) a n d m e t h a n o l ( 50ml ) were 
mixed a n d t h e n d e g a s s e d p r i o r t o b e i n g s y r i n g e d i n t o t h e 
a u t o c l a v e which c o n t a i n e d d i c o b a l t o c t a c a r b o n y l ( l .Og, 3 mmol ) 
u n d e r a n i t r o g e n a t m o s p h e r e . The a u t o c l a v e was t h e n f l u s h e d wi th 
n i t r o g e n a n d p r e s s u r i s e d t o 150 B a r w i t h c a r b o n monoxide. The 
s y s t e m was h e a t e d t o 1 7 0 ° C f o r a p e r i o d of t e n h o u r s and t h e n 
l e f t t o c o o l . A f t e r d e p r e s s u r i s a t i o n t h e c o n t e n t s were w i t h d r a w n 
a n d t h e c r u d e m i x t u r e w a s s h a k e n w i t h d i l u t e h y d r o c h l o r i c a c i d ( 
10% ) t o r e m o v e t h e c o b a l t c a t a l y s t . The e s t e r was s o l v e n t 
e x t r a c t e d w i t h d i c h l o r o m e t h a n e a n d t h e e x t r a c t s washed wi th 
sod ium b i c a r b o n a t e s o l u t i o n a n d t h e n w a t e r . T h e e s t e r was 
s e p a r a t e d from t h e i m p u r i t i e s in t h e o l e o n i t r i l e by column 
c h r o m a t o g r a p h y u s i n g a 5 0 cm column p a c k e d w i t h K i e s e l g e l 6 0 a n d 
e l u t e d With e t h y l a c e t a t e / p e t r o l e u m e t h e r 4 0 - 6 0 ° C in t h e r a t i o 
4 0 : 6 0 . T h e s a t u r a t e d n i t r i l e i m p u r i t i e s i n t h e o l e o n i t r i l e u s e d 
e l u t e d f i r s t f o l l o w e d by t h e e s t e r f r a c t i o n . The e s t e r m i x t u r e 
w a s a c o l o u r l e s s w a x y s o l i d mp 3 8 - 4 3 ° C ( 10.5g, 86% y i e l d ). 
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3 . 4 . 2 . C h a r a c t e r i s a t i o n 
A n a l y s i s of t h e e s t e r f r a c t i o n by g . l . c . i n d i c a t e d t h e 
p r e s e n c e of more t h a n one s p e c i e s w i t h t h e main component b e i n g 
p r e s e n t in a p p r o x i m a t e l y 80%. T h i s m i x t u r e c o u l d not be 
s e p a r a t e d f u r t h e r due t o t h e h igh b o i l i n g a n d c h e m i c a l l y s i m i l a r 
n a t u r e of t h e p r o d u c t s , s e p a r a t i o n may h a v e been a c c o m p l i s h e d by 
means of p r e p a r a t i v e s c a l e h . p . l . c . b u t t h i s was not a v a i l a b l e . 
T h e g e n e r a l f o r m u l a e of t h e e s t e r s f o r m e d i s : -
CH^(CH^) CH(C00He)(CH^) CN 3 2 n 2 m 
w e r e f o r t h e p r e d o m i n a n t s p e c i e s n, m w i l l be 7 a n d 8. 
I n f r a - r e d a n a l y s i s of t h e waxy s o l i d was c o n s i s t e n t w i t h a 
f a t t y a c i d m e t h y l e s t e r g i v i n g a p e a k a t 1730 cm \ f o r t h e 
c a r b o n y l g r o u p , a n d a c h a r a c t e r i s t i c t h r e e b a n d s e t a t 1165, 
1195 a n d 1255 cm~^ a r i s i n g from - C ( 0 ) 0 - v i b r a t i o n s . The n i t r i l e 
s t r e t c h i n g f r e q u e n c y b a n d was a l s o p r o m i n e n t a t 2 2 4 5 cm ^ 
^H a n d ^^C n.m.r. 
^H p e a k a s s i g n m e n t : -
p e a k c e n t r e a s s i g n m e n t s p l i t t i n g r e l a t i v e i n t e n s i t y 
ppm 
3 . 6 4 MeO s i n g l e t 3 
2 . 3 4 C H 2 C H 2 C N t r i p l e t ( s e e t e x t ) 
1.63 C H 2 C H 2 C N d o u b l e t of t r i p l e t s 2 
1.26 ^ ^ 2 ' ^ b r o a d 24 
0 . 8 8 He t r i p l e t 3 
T h e p e a k d u e t o t h e - C H - C H C H ^ - p r o t o n was t h o u g h t to be h idden 
2 ^ - 2 
COOMe 
u n d e r t h e c * - p r o t o n p e a k a s t h e s e e n v i r o n m e n t s g i v e a b o u t t h e 
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0) 
E s t e r p r o d u c t s 
=- O l e o n i t r i l e 
C j g I m p u r i t i e s 
C j ^ I m p u r i t i e s 
S o l v e n t ( m e t h a n o l ) 
I n t e n s i t y 
T y p i c a l g . l . c . t r a c e f o r p r o d u c t m i x t u r e o f m e t h o x y c a r b o n y l a t e d 
o l e o n i t r i l e . 
C o l u m n O V - 1 0 1 ( 10% on C h r o m o s o r b G ) 
C o n d i t i o n s : - I n j e c t o r t e m p e r a t u r e 2 7 0 ' ' C 
I n i t i a l t e m p e r a t u r e 1 7 0 ° C f o r 5 m i n . 
I n c r e a s e a t WC/mixi t o 2 8 0 » C 
D e t e c t o r t e m p e r a t u r e 2 9 0 « ' C 
D e t e c t o r u s e d was a f l a m e i o n i s a t i o n d e t e c t o r 
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same s h i f t , h o w e v e r t h e combined i n t e n s i t y b e i n g e q u i v a l e n t t o 
t h e e x p e c t e d f o u r p r o t o n s . No i n d i c a t i o n of a l d e h y d e , a c i d o r 
a c e t a l p r o d u c t s were f o u n d in t h e ^H n.m.r. s p e c t r u m . 
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C p e a k a s s i g n m e n t 
I t i s p o s s i b l e t o c a l c u l a t e t h e e x p e c t e d s h i f t of a 
13 
s u b s t i t u t e d c a r b o n i n t h e C n.m.r. s p e c t r u m ( U a ). The 
method u s e s a b a s e s h i f t f o r t h e h y d r o c a r b o n s k e l e t o n w i t h an 
e f f e c t a d d e d f o r t h e p a r t i c u l a r f u n c t i o n a l g r o u p bonded to t h a t 
c a r b o n atom. F o r t h e p u r p o s e o f t h i s compound a d e c a n e s k e l e t o n 
c a n be u s e d . An i n t e r n a l C H 2 g r o u p h a s an i n h e r e n t s h i f t of 3 0 . 5 
ppm, t h u s a CH g r o u p w i t h a c a r b o x y l i c a c i d s i d e g r o u p w i l l h a v e 
a s h i f t of 3 0 . 5 + 17 = 4 7 . 5 ppm a s t h e e f f e c t of a c a r b o x y l i c 
a c i d g r o u p i s 17 ppm. U s i n g t h i s method t h e f o l l o w i n g s h i f t s c a n 
be c a l c u l a t e d : -
- C H „ C H , C H C H , C H , -
2 2 j 2 2 
COOH 
o<.-CH = 3 0 . 5 + 17 = 4 7 . 5 / ^ - C H , = 3 0 . 5 + 2 = 3 2 . 5 
a l s o - C H 2 C H 2 C H 2 C N 
0 C - C H 2 = 14.2 + 4 = 18.2 ^ - C H 2 = 2 3 . 2 + 3 = 2 6 . 2 
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P e a k s due t o t h e s e g r o u p s a r e f o u n d in t h e C n.m.r. s p e c t r u m 
a t 4 9 . 6 , 3 3 . 5 , 18.6 a n d 2 8 . 3 ppm w i t h t h e ^CHCOOH c a r b o n be ing a 
c l o s e s e t of p e a k s a t 4 5 . 7 t o 4 5 . 3 ppm. O t h e r p r o m i n e n t p e a k s 
a r e o b s e r v e d a t 51.3 a n d 51.1 ppm due t o t h e H e O - g r o u p , 119.7 
ppm d u e t o t h e C=N f u n c t i o n a l i t y a n d a s e t o f a c i d / e s t e r 
c a r b o n y l c a r b o n s a t 173 .9 , 176 .6 , 176.7 a n d 177.0 ppm. T h e s e 
c l o s e g r o u p i n g s e t s o f p e a k s a r i s e b e c a u s e of t h e d i f f e r e n t 
i s o m e r s . A l t h o u g h t h e r e i s no i n d i c a t i o n in t h e ^H n.m.r. f o r a 
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13 t e r m i n a l c a r b o x y g r o u p t h e C g i v e s peaks close t o the 
c a l c u l a t e d s h i f t v a l u e s f o r such a species. In each of t h e e s t e r 
and CH-COOR g r o u p s one peak predominates. However use of d i r e c t 
a r e a r a t i o s t o o b t a i n i n f o r m a t i o n of t h e r e l a t i v e numbers of 
c a r b o n atoms are not dependable due t o Nuclear Overhauser 
e f f e c t s which g i v e f a l s e peak areas. 
Mass s p e c t r a l d a t a 
The mass sp e c t r u m o f compounds of these t y p e s a r e 
d i f f i c u l t t o o b t a i n , i n p a r t due t o t h e i r low v o l a t i l i t y . Mass 
s p e c t r a o b t a i n e d by e l e c t r o n impact do not g i v e t h e molecular 
ion b u t i n s t e a d show loss of t h e e s t e r group t o leave a cyano 
alkane f r a g m e n t m/e 264. The molecular ion was observed when 
chemical i o n i s a t i o n was used, v i a i s o b u t a n e as t h e i o n i s i n g 
media. The mass s p e c t r a then showed f r a g m e n t s a t m/e 324 due t o 
CHH]"^ t h e molecular ion, m/a 293 CHH - OHe]"^ and m/e 265 [HH -
COOMe]^, a f t e r t h i s t h e s p e c t r a gave no u s e f u l f r a g m e n t a t i o n : 
This i s common i n s p e c t r a o b t a i n e d v i a chemical i o n i s a t i o n . 
Conclusion 
The e s t e r f u n c t i o n a l i t y has been i n t r o d u c e d i n t o 
o l e o n i t r i l e t o g i v e high y i e l d s of c a r b o n y l a t e d p r o d u c t s , 
t y p i c a l l y 90%. However t h e p o s i t i o n of s u b s t i t u t i o n could not be 
determined. The only i n d i c a t i o n of isomer d i s t r i b u t i o n was t h e 
a ppearance of two peaks i n t h e g.l.c. t r a c e ( a t m/e of 323 ), 
t h e second peak due t o t h e h i g h e r b o i l i n g component being 
p r e s e n t as a minor component i n t h e p r o d u c t m i x t u r e . Other 
components s e p a r a t e d by g.l.c. c o u l d n o t be i d e n t i f i e d . I n t h e 
mass s p e c t r o m e t e r t h e y gave peaks e q u i v a l e n t t o o l e o n i t r i l e p l us 
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28 mass u n i t s , uhich c o r r e s p o n d s t o a c a r b o n y l group, b u t these 
compounds a r e only p r e s e n t i n small q u a n t i t i e s . Other e s t e r s 
uere p r e p a r e d v i a s i m i l a r p r o c e d u r e s b u t were more d i f f i c u l t t o 
s e p a r a t e and uere n o t o b t a i n e d s u f f i c i e n t l y p u r e f o r a n a l y s i s . 
G.l.c mass s p e c t r o s c o p y c o n f i r m i n g them as t h e co r r e s p o n d i n g 
e s t e r s . 
3.5. High p r e s s u r e s t u d y of t h e c o b a l t / a l c o h o l / o l e o n i t r i l e 
system 
3.5.1. E x p e r i m e n t a l 
The i n v e s t i g a t i o n c o n s i s t e d of a s e r i e s of experiments t o 
dete r m i n e t h e e f f e c t s of c a t a l y s t t y p e , c o n c e n t r a t i o n , p h y s i c a l 
r e a c t i o n p a r a m e t e r s , and t h e e f f e c t of v a r i o u s c o - r e a c t a n t s on 
th e a l k o x y c a r b o n y l a t i o n of o l e o n i t r i l e . The r e a c t i o n s were 
3 
c a r r i e d o u t i n a 150 cm Rockhurst a u t o c l a v e ( Fig. 2.2. Chapter 
2 ). P r o d u c t a n a l y s i s was c a r r i e d o u t r o u t i n e l y by g.l.c. 
A g e n e r a l example of an e x p e r i m e n t a l r u n i s as foUous:-
d i c o b a l t o c t a c a r b o n y l ( l.Og, 3.0 mmol ) was placed i n t o t h e 
a u t o c l a v e a g a i n s t a c o u n t e r c u r r e n t of d r y n i t r o g e n . The system 
was th e n s e a l e d and f l u s h e d o u t w i t h n i t r o g e n s e v e r a l times. A 
s o l u t i o n of o l e o n i t r i l e ( lOg, 0.038 mol ) i n methanol ( 50ml ) 
was s y r i n g e d i n t o t h e a u t o c l a v e and aga i n t h e system f l u s h e d o u t 
With n i t r o g e n . The a u t o c l a v e was then p r e s s u r i s e d t o t h e 
r e q u i r e d p r e s s u r e ( 100 t o 200 Bar ) w i t h carbon monoxide, 
h e a t e d t o i t s s e t t e m p e r a t u r e where f i n a l a d j u s t m e n t s uere made 
t o t h e p r e s s u r e . The sytem was then l e f t a t r e a c t i o n t e m p e r a t u r e 
f o r 5 h o u r s w i t h no more a d j u s t m e n t s t o p r e s s u r e . A f t e r c o o l i n g 
o v e r n i g h t t h e system was d e p r e s s u r i s e d and samples withdrawn f o r 
39 
g.l.c. a n a l y s i s . 
The e f f e c t of v a r y i n g t h e r e a c t i o n p a r a m e t e r s was s t u d i e d 
With r e s p e c t t o changes i n molar c o n v e r s i o n and molar 
s e l e c t i v i t y . These p a r a m e t e r s a r e d e f i n e d as:-
% molar c o n v e r s i o n = Holes of O l e o n i t r i l e c o n v e r t e d * 100 
Moles of O l e o n i t r i l e charged 
% molar s e l e c t i v i t y = Holes of r e a c t a n t c o n v e r t e d t o e s t e r * 100 
Holes o f O l e o n i t r i l e c o n v e r t e d 
C a t a l y s t 
The c a t a l y s t used t h r o u g h o u t t h e s t u d y of t h e basic 
r e a c t i o n was d i c o b a l t o c t a c a r b o n y l . A l t h o u g h i n d u s t r i a l l y t h i s 
i s not t h e most s u i t a b l e source of c o b a l t i t was chosen because 
t h e a c t u a l c a t a l y s t i s b e l i e v e d t o be d e r i v e d from t h i s complex. 
This p r o c e d u r e t h e r e f o r e a v o i d s any i n d u c t i o n p e r i o d which may 
o c c u r as a consequence i f a c o b a l t (II) s a l t i s used, e.g. 
c o b a l t a c e t a t e . Under r e a c t i o n c o n d i t i o n s t h e s a l t i s t h o u g h t t o 
be c o n v e r t e d t o a c a r b o n y l species, b u t t h i s process g e n e r a l l y 
r e q u i r e s t h e use of h i g h e r t e m p e r a t u r e s ( 12 ). 
3.5.2. Discussion 
(a) The e f f e c t o f r e a c t i o n time 
The e f f e c t of r e a c t i o n time i s shown i n Table 3.1. and in 
F i g u r e 3.1. From t h e g r a p h i t can be seen t h a t t h e molar 
c o n v e r s i o n i n c r e a s e s l i n e a r l y w i t h time a f t e r an i n i t i a l 
i n d u c t i o n p e r i o d . This i n d i c a t e s t h a t t h e o v e r a l l r e a c t i o n r a t e 
i s z e ro o r d e r w i t h r e s p e c t t o t h e o l e f i n o l e o n i t r i l e as i t s 
c o n c e n t r a t i o n d r o p s d u r i n g t h e experiment. This r e s u l t has also 
been f o u n d f o r o t h e r o l e f i n s , E r c o l i ( 13 ) f o u n d t h a t 
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F i g u r e 3.2. The e f f e c t o f t i m e on e s t e r c o m p o s i t i o n 
With r e s p e c t t o o l e f i n . Hatsuda ( 14 ) agreed w i t h t h i s r e s u l t 
b u t a l s o f o u n d t h a t t h e o r d e r changes t o a p p r o x i m a t e l y one when 
p y r i d i n e i s used as a c o - r e a c t a n t . The e x p l a n a t i o n of the zero 
o r d e r of t h e o l e f i n must be t h a t t h e o l e f i n i s not i n v o l v e d i n 
th e r a t e d e t e r m i n i n g s t e p , hence t h e r a t e c o n s t a n t f o r t h e 
r e a c t i o n 
RCH = CHR' + HCo(CO)^ RCH^-CHR' 
3 2 , 
Co(CO)g 
must be l a r g e w i t h r e s p e c t t o subsequent r a t e c o n s t a n t s . The 
change i n r a t e and i n c r e a s e i n o r d e r w i t h r e s p e c t t o o l e f i n on 
th e a d d i t i o n of p y r i d i n e can be e x p l a i n e d i f i t i s assumed t h a t 
t h e c l e a v a g e of t h e a c y l complex i s o r i g i n a l l y r a t e l i m i t i n g b u t 
on t h e a d d i t i o n of p y r i d i n e t h e f o r m a t i o n of the a c y l species 
becomes t h e r a t e l i m i t i n g s t e p : -
i.e. RCH^-CHR' RCH^-CHR' RCH^-CHR' 
2 1 2 , 2 ^  
Co(CO)^ Co(CO)^ CO 3 4 I 
Co(CO)^ 
RCH^-CHR' ^^^SRCH^-CHR' ^ ° " > RCH^-CHR' 
2 1 M 2 I 
CO CO COOR 
I I 
CoCCOg Co(CO)^ 
Hence i f K >> K, , r e a c t i o n r a t e i s dependant on t h e 
3. D 
a l c o h o l y s i s s t e p , however i f K, >> K r e a c t i o n r a t e i s dependant 
on t h e alkene i n t e r a c t i n g w i t h t h e h y d r i d o c o b a l t t r i c a r b o n y l . 
Many of t h e above s t e p s a r e i n f a c t e q u i l i b r i a , however r a p i d 
e q u i l i b r a t i o n between a c y l and a l k y l species i s known w i t h t h e 
a c y l species being dominant. The r e v e r s e s t e p s i n many of t h e 
r e a c t i o n s r e q u i r e t h e l i b e r a t i o n of a carbon monoxide l i g a n d . 
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Due t o t h e l a r g e p r e s s u r e of carbon monoxide i n t h e system t h i s 
p r o c e s s w i l l be suppresseci. For s i m i l a r reasons i t i s t o be 
e x p e c t e d t h a t t h e r e a c t i o n of t h e c o - o r d i n a t i v e l y u n s a t u r a t e d 
t r i c a r b o n y l species w i t h carbon monoxide should be enhanced w i t h 
i n c r e a s i n g c a r b o n monoxide p r e s s u r e . 
A n a l y s i s of t h e e s t e r composition also i n d i c a t e s t h a t as 
t h e r e a c t i o n proceeds more of t h e second e s t e r component i s 
d e t e c t e d i n t h e r e a c t i o n m i x t u r e ( F i g u r e 3.2. ). This i s t o be 
e x p e c t e d i f one p o s t u l a t e s t h a t t h e q u a n t i t y of isomerised 
alkene, formed by a d d i t i o n / e l i m i n a t i o n of t h e h y d r i d o c o b a l t 
t e t r a c a r b o n y l species t o o l e o n i t r i l e , i n c r e a s e s d u r i n g t h e 
r e a c t i o n and hence t o u a r d s t h e l a t t e r s t a g e s these isomers w i l l 
become of g r e a t e r i m p o r t a n c e i n t h e r e a c t i o n m i x t u r e . This u i l l 
l e a d t o a number of d i f f e r e n t isomeric e s t e r s i n t h e p r o d u c t 
m i x t u r e , houever these u i l l be v e r y s i m i l a r i n b o i l i n g p o i n t and 
t h u s t h e g.l.c. column u i l l not e a s i l y r e s o l v e these species. 
A l t h o u g h t h e s t a r t i n g alkene u i l l have been isomerised the 
s e p a r a t e isomers u i l l be v e r y s i m i l a r i n n a t u r e and t h u s uere 
n o t d e t e c t e d s i n g l y by g.l.c. Houever as t h e s t a r t i n g m a t e r i a l 
i s almost e x c l u s i v e l y t h e c i s isomer, then i s o m e r i s a t i o n u i l l 
p r o d u c e a m i x t u r e of c i s and t r a n s isomer uhich u i l l g i v e 
d i f f e r e n t H^ n.m.r. s p e c t r a . 
In t h e i n i t i a l s t a g e s of t h e r e a c t i o n ( i.e. t h e f i r s t 30 
minutes ) t h e r a t e of r e a c t i o n t o form p r o d u c t s i s s l o u e r t h a n 
i n t h e l a t t e r s t a g e s . There a p p e a r s t o be an i n i t i a l i n d u c t i o n 
p e r i o d , p o s s i b l y when t h e c o b a l t species i n s o l u t i o n a r e 
c o n v e r t e d t o t h e a c t i v e c a t a l y s t , t h o u g h t t o be h y d r i d o c o b a l t 
44 
t e t r a c a r b o n y l . Another e x p l a n a t i o n i s t h a t , due t o the high 
c o b a l t t o o l e o n i t r i l e r a t i o r e q u i r e d f o r reasonable r e a c t i o n 
r a t e s , s i g n i f i c a n t p r o p o r t i o n of th e o l e o n i t r i l e may not be f r e e 
2+ 
b u t c o - o r d i n a t e d i n t h e form of c o b a l t complexes, CCoLg] , or 
p r e s e n t as RCOCo(CO)^ complex. These u i l l n ot be d e t e c t e d by 
g.l.c. and hence due t o th e method of c a l c u l a t i n g y i e l d s , the 
t r u e c o n v e r s i o n of o l e o n i t r i l e w i l l be u n d e r - e s t i m a t e d . As the 
t o t a l q u a n t i t y of compounds d e r i v e d from o l e o n i t r i l e d e t e c t e d 
u i l l be lowered; then n o r m a l i s a t i o n of o l e i c compounds, t o the 
q u a n t i t y of o l e o n i t r i l e i n i t i a l l y p r e s e n t , w i l l a r t i f i c i a l l y 
i n c r e a s e t h e p r o p o r t i o n of o l e o n i t r i l e l e f t i n t h e r e a c t i o n 
m i x t u r e . 
The decrease i n s e l e c t i v i t y w i t h time must be due t o 
r e l a t i v e l y slow side r e a c t i o n s uhich can occur. For example, the 
f o r m a t i o n of aldehydes which under r e a c t i o n c o n d i t i o n s u i l l be 
c o n v e r t e d t o acetals*--
RCOCo(CO). + CH] > RCHO 
4 
^OR' 
RCHO + R'OH ^ RCH 
""OH 
^OR' OR' 
RCH + R'OH > RCH + H O 
^OH OR' 
(b) E f f e c t of metal c o n c e n t r a t i o n on th e r e a c t i o n 
The e f f e c t of t h e metal c o n c e n t r a t i o n uas determined by 
v a r y i n g t h e amount of d i c o b a l t o c t a c a r b o n y l charged i n t o the 
r e a c t o r . The r e s u l t s a r e shown i n Table 3.2. and i n d i c a t e an 
a p p r o x i m a t e l y h a l f o r d e r u i t h r e s p e c t t o metal c o n c e n t r a t i o n . 
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F i g u r e 3.3. The e f f e c t o f c o n c e n t r a t i o n o f c o b a l t 
on t h e r a t e o f c a r b o n y l a t i o n o f o l e o n i t r i l e 
s e l e c t i v i t y or t h e composition of t h e e s t e r f r a c t i o n . A s l i g h t l y 
h i g h e r s e l e c t i v i t y uas o b t a i n e d a t l o u e r c o b a l t c o n c e n t r a t i o n s , 
b u t as d e t a i l e d above, t h e s e l e c t i v i t y uas found t o decrease as 
t h e amount o f o l e o n i t r i l e c o n v e r t e d i n c r e a s e d . 
Thus i t i s not s u r p r i s i n g t h a t i n t h e s l o u e r r e a c t i o n s , 
i.e. l o u e r c o n v e r s i o n i n a g i v e n time, t h e s e l e c t i v i t y i s 
g r e a t e r t h a n t h e f a s t e r r u n s u i t h h i g h e r c o b a l t c o n c e n t r a t i o n s . 
A S i m i l a r e f f e c t uas o b s e r v e d f o r t h e e s t e r composition; t h e 
s l o u e r r e a c t i o n p r o d u c i n g a g r e a t e r p r o p o r t i o n of one component. 
This i s presumably due t o a smaller degree of i s o m e r i s a t i o n in 
t h e s l o u e r r e a c t i o n s . 
A n a l y s i s of t h e r e s u l t s i n d i c a t e s t h a t t h e r e a c t i o n i s 
a b o u t h a l f o r d e r w i t h r e s p e c t t o t h e c o b a l t c o n c e n t r a t i o n ( 
c o r r e l a t i o n being a b o u t 0.9 f o r t h e d a t a p o i n t s ). This agrees 
U i t h s t u d i e s by o t h e r u o r k e r s on cyclohexene ( 13 ) and propene 
( 15 ) and i s s i m i l a r t o t h e o r d e r observed f o r a c i d s y n t h e s i s . 
The r a t e c o n s t a n t i s not v e r y l a r g e as u o u l d be e x pected f o r an 
i n t e r n a l o l e f i n , and i n t e r n a l a l k o x y c a r b o n y l a t i o n i s knoun t o be 
s l o u e r t h a n h y d r o f o r m y l a t i o n ( 16 ). 
3.6. A s t u d y of t h e c a t a l y t i c a c t i v i t y of s a l t s of t h e 
t e t r a c a r b o n y l c o b a l t a t e (-1) anion 
Aim:- t o d etermine t h e c a t a l y t i c a c t i v i t y of t h e Co(CO)^ ion. 
This s p e c i e s i s p r e s e n t i n l a r g e amounts i n a l c o h o l i c c o b a l t 
c a r b o n y l s o l u t i o n s . 
3.6.1. E x p e r i m e n t a l 
The b a s i c e x p e r i m e n t a l p r o c e d u r e uas s i m i l a r t o t h a t 
d e t a i l e d above i n s e c t i o n 3.5.1. Experiments u i t h t h e n o n - a i r 
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s e n s i t i v e PPNCo(CO)^ s a l t uere performed by p l a c i n g a l l of t h e 
r e a c t a n t s i n t o t h e a u t o c l a v e , f l u s h i n g o u t t h e system u i t h 
n i t r o g e n and p r e s s u r i s i n g u i t h carbon monoxide. In the o t h e r 
e x p e r i m e n t s t h e sodium s a l t uas used. This s a l t uas p r e p a r e d by 
s t a n d a r d methods i n v o l v i n g sodium amalgam r e d u c t i o n of a 
s o l u t i o n of d i c o b a l t o c t a c a r b o n y l i n t.h.f. ( 2 ). In these 
e x p e r i m e n t s a s o l u t i o n of a l l t h e r e a c t a n t s was p r e p a r e d under a 
n i t r o g e n atmosphere, then s y r i n g e d i n t o t h e a u t o c l a v e uhich had 
p r e v i o u s l y been f l u s h e d o u t w i t h n i t r o g e n s e v e r a l times. The 
system uas th e n p r e s s u r i s e d u i t h c arbon monoxide. 
In each case a f t e r t h e r e q u i r e d time a t r e a c t i o n 
t e m p e r a t u r e t h e system was allowed t o cool; samples uere then 
t a k e n f o r g.l.c. a n a l y s i s and i n f r a - r e d a n a l y s i s a f t e r 
d e p r e s s u r i s a t i o n of t h e a u t o c l a v e . 
3.6.2. Discussion 
The r e s u l t s from t h i s s e r i e s of experiments a r e given i n 
Table 3.3. The amount of PPNCo(CO)^ s a l t used ( 0.3g, 4.3*10~ 
4 -mol ) uas chosen t o be e q u i v a l e n t t o t h e amount of Co(CO)^ 
g e n e r a t e d from t h e complete d i s s o c i a t i o n of d i c o b a l t 
-4 
o c t a c a r b o n y l u i t h a Leuis base ( O.lg, 3*10 mol ) so t h a t a 
comparison u i t h t h e p r e c e d i n g uork c o u l d be achieved. 
As can be seen from t h e r e s u l t s i n Table 3.3., only l o u 
y i e l d s of e s t e r s uere o b t a i n e d . In each case f o r t h e t e m p e r a t u r e 
s t u d y t h e y i e l d of e s t e r uas 4-6%. I n c r e a s i n g t h e t e m p e r a t u r e 
has t h e e f f e c t of i n c r e a s i n g t h e co n v e r s i o n b u t d e c r e a s i n g the 
s e l e c t i v i t y . The n e t r e s u l t of b o t h these e f f e c t s i s a drop i n 
t h e y i e l d of e s t e r s as t h e t e m p e r a t u r e i s inc r e a s e d . Although 
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t h e r e s u l t s g i v e n here i n d i c a t e poor y i e l d s , i t uas found in the 
f i r s t e x p e r i m e n t a l a t t e m p t s a r t i f i c a l l y higher y i e l d s could be 
o b t a i n e d i.e. a b o u t 2 9 % conversion. Houever a f t e r t u o or t h r e e 
r u n s , u s i n g PPNCo(CO)^ as c a t a l y s t , t h i s dropped t o the l e v e l s 
r e c o r d e d . These i n i t i a l l y h i g h e r y i e l d s a r e a s c r i b e d t o t h e 
presence of c o b a l t (II) s a l t s as i m p u r i t i e s on t h e s t i r r e r and 
a u t o c l a v e u a l l s . Using t h e r a t e c o n s t a n t d e r i v e d e a r l i e r ( 
s e c t i o n 3.5. ), c o n t a m i n a t i o n uas c a l c u l a t e d t o be e q u i v a l e n t t o 
u s i n g 2.1*10 mol o f d i c o b a l t o c t a c a r b o n y l as c a t a l y s t . These 
c o b a l t (II) s a l t s t o g e t h e r u i t h Co(CO)^ may undergo a r e v e r s e 
of t h e d i s s o c i a t i o n r e a c t i o n t o produce d i c o b a l t o c t a c a r b o n y l ( 
17 ):-
SCO + 4Co(C0)^" + 2CoL^^'^ > 3Co^(C0)„ + 12L 
The c o b a l t (II) s a l t s may a l s o undergo d i r e c t r e d u c t i o n t o 
d i c o b a l t o c t a c a r b o n y l as t h e t e m p e r a t u r e i s i n c r e a s e d t h r o u g h 
h ydrogen i m p u r i t i e s i n t h e carbon monoxide uould enhance t h i s 
process. C a t a l y s t s u s i n g c o b a l t (II) s a l t s alone g e n e r a l l y 
r e q u i r e h i g h e r t e m p e r a t u r e s u s u a l l y 200-220°C ( 12 ). I t uas 
t h o u g h t t h a t t h e c o b a l t ( I I ) i o n may a c t as an a c t i v a t o r t o u a r d s 
hydrogen a b s t r a c t i o n from methanol. The p o s i t i v e ion u i l l 
p o l a r i s e t h e 0-H bond, of c o - o r d i n a t e d methanol molecules making 
t h e hydrogen more a c i d i c and hence e a s i e r t o a b s t r a c t . The 
methoxy ion t h u s g e n e r a t e d u i l l a l s o be c o - o r d i n a t e d t o t h e 
c o b a l t (II) ion uhich i s e n e r g e t i c a l l y more f a v o u r a b l e t h a n a 
s o l v a t e d species. Other ions may be e x p e c t e d t o o p e r a t e i n a 
s i m i l a r manner. The r e s u l t s , houever, shou t h a t t h i s hydrogen 
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F i g u r e 3.4a. The e f f e c t o f t e m p e r a t u r e on t h e 











F i g u r e 3.4b. The e f f e c t o f p r e s s u r e on t h e 
a c i v i t y o f PPNCo(CO)^ 
Pnwun (Bu) 
r e a c t i o n a s t h e m e t a l s a l t s e .g . FeCl^ i n t r o d u c e d w i t h NaCo(CO)^ 
g i v e no e n h a n c e m e n t o f e s t e r y i e l d . The t r i p o s i t i v e i o n s s h o u l d 
i n f a c t be m o r e e f f e c t i v e a t t h i s p r o c e s s t h a n t h e c o b a l t ( I I ) 
c a s e , b u t t h i s was n o t f o u n d t o be t h e c a s e . The e f f e c t o f 
2 + - 1 
Co / C o c o n c e n t r a t i o n u i l l be d i s c u s s e d l a t e r i n C h a p t e r 4 . 
T h e e f f e c t o f p r e s s u r e h a s no d i s c e r n a b l e e f f e c t on t h e 
r e a c t i o n , h o w e v e r t h e y i e l d s r e c o r d e d may n o t be s u f f i c i e n t l y 
h i g h o r o f s u f f i c i e n t p r e c i s i o n t o h i g h l i g h t a n y t r e n d s . 
5 4 
1 
CHAPTER THREE - REFERENCES 
G. B o r , S p e c t r o c h i m A c t a , 19, 2 0 6 5 (1963) .Che in A b s 5 9 : 4 6 7 5 g 
2 I . W e n d e r , H. W. S t e r n b e r g , H. O r c h i n , J . A m e r . Chem. S o c , 
7 4 , 1216 ( 1 9 5 2 ) . 
3 W. H i e b e r , J . S e d l m e i e r , Chem. B e r . , 8 7 , 7 8 9 (1954) . 
4 E. H e n t a s t i , E. P e l i z z e t t i , R. R o s s e t t i , P. L . S t a n g h e l l i n i , 
I n o r g . Chim. A c t a . , 2 5 , 7 (1977) . 
5 W. H i e b e r , F . m u l b a u e r , E. A. Ehmann , B e r . , 6 5 , 1 0 9 0 (1932) . 
6 E. R. T u c c i , B . H. G w y n n , J . A m e r . Chem. S o c , 8 6 , 4 8 3 8 
(1964) . 
7 W. H i e b e r , E L i n d e r , Z . N a t u r f o r s c h g . , 16b , 192 (1958) . 
8 J . E l l i s , J . O r g a n o m e t . Chem., 8 6 , 1 (1975) . 
9 R. F . H e c k , D. S. B r e s l o w , Chem. I n d . , A p r i l , 4 6 7 (1960) . 
10 R. F . H e c k , D. S. B r e s l o u , J . Amer . Chem. S o c , 8 5 , 2 7 7 9 
( 1 9 6 3 ) . 
11 W. H i e b e r , E L i n d e r , Z . N a t u r f o r s c h g . , 16b , 137 (1961). 
11a " S p e c t r o m e t r i c I d e n t i f i c a t i o n o f O r g a n i c Compounds" , E d . R. 
M. S i l v e r s t e i n , G. C. B a s s l e r , T. C. H o r r i l , W i l e y , New 
Y o r k , 4 t h e d . , 1981 
12 P. P i n o , R. E r c o l i , Ch im. I n d . ( M i l a n ) , 3 6 , 5 3 6 (1954) .Chem Abs 5 0 : I 9 5 f 
13 R. E r c o l i , G. S i g n o r i n i , E. S a n t a m b r o g i o , Chim. I n d . ( M i l a n ) , 
4 2 , 5 8 7 ( 1 9 6 0 ) . Chem A b s 5 4 : 2 3 6 7 4 g 
14 A. M a t s u d a , H. U c h i d a , B u l l . Chem. Soc . J a p a n , 3 8 , 710 
(1965) .Chem A b s 6 3 : 5 5 2 3 d 
15 M. P o l i e r k a , V. M a c h o , Chem. Z v e s t i , 2 6 , 154 (19172). 
16 P. P i n o , F . P i a c e n t i , H. B i a n c h i , " O r g a n i c S y n t h e s i s v i a 
M e t a l C a r b o n y l s " , E d . I . W e n d e r , P. P i n o , W i l e y , New Y o r k , 
1 9 7 7 , V o l 2 . , p 2 3 3 . 
17 A. B o r t i n g e r , P. B u s s e , M. O r c h i n , J . C a t a l y s i s , 5 2 , 3 8 5 
( 1 9 7 8 ) . 
5 5 
CHAPTER FOUR 
HETHQXYCARBONYLATION OF O L E O N I T R I L E 
AND H E X - l - E N E IN THE PRESENCE OF 
VARIOUS A D D I T I V E S 
I n t r o d u c t i o n 
The m a i n w o r k d e t a i l e d i n t h i s c h a p t e r i s c o n c e r n e d w i t h 
t h e b a s i c a l k o x y c a r b o n y l a t i o n o f h e x - l - e n e , t o g e t h e r w i t h t h e 
e f f e c t o f c o - r e a c t a n t s on t h e m e t h a n o l o l e o n i t r i l e s y s t e m . H e x -
l - e n e was c h o s e n t o g i v e a g r e a t e r i n s i g h t i n t o t h e mechan i sm d u e 
t o t h e e a s e o f a n a l y s i s o f t h e i s o m e r i c n a t u r e o f t h e p r o d u c t s 
f o r m e d w h i c h i s n o t p o s s i b l e w i t h o l e o n i t r i l e . The t w o s y s t e m s 
W i l l be c o m p a r e d t o see i f t h e n i t r i l e f u n c t i o n a l i t y h a s a n y 
d i s c e r n i b l e e f f e c t on t h e r e a c t i o n m e c h a n i s m . 
4 . 1 . A s t u d y o f t h e m e t h o x y c a r b o n y l a t i o n o f H e x - l - e n e 
A i m s : - t o a s c e r t a i n t h e e f f e c t o f t e m p e r a t u r e a n d p r e s s u r e on t h e 
c o m p o s i t i o n o f t h e r e s i d u a l h e x e n e s a n d on t h e i s o m e r 
d i s t r i b u t i o n i n t h e e s t e r p r o d u c t s . 
4 . 1 . 1 . E x p e r i m e n t a l 
The b a s i c e x p e r i m e n t a l p r o c e d u r e i s a s d e s c r i b e d e a r l i e r i n 
t h e b a s i c o l e o n i t r i l e m e t h o x y c a r b o n y l a t i o n r e a c t i o n . A g e n e r a l 
e x a m p l e i s a s f o l l o w s : -
H e x - l - e n e ( 3 . 5 g , 0 . 0 4 3 m o l ) was d i s s o l v e d i n m e t h a n o l ( 16ml ) 
t h e r e s u l t i n g s o l u t i o n w a s d e g a s s e d a n d s y r i n g e d i n t o t h e 
a u t o c l a v e , w h i c h c o n t a i n e d d i c o b a l t o c t a c a r b o n y l ( 0 . 0 5 g , 
0 .15mmol ) u n d e r a n i n e r t n i t r o g e n a t m o s p h e r e . T h e s y s t e m was 
f l u s h e d o u t , p r e s s u r i s e d w i t h c a r b o n m o n o x i d e t o t h e r e q u i r e d 
p r e s s u r e , a n d h e a t e d t o t h e s e t t e m p e r a t u r e a n d a l l o w e d t o r e a c t 
f o r 5 h o u r s ; a f t e r c o o l i n g o v e r n i g h t a s a m p l e was w i t h d r a w n f o r 
a n a l y s i s . T h e s a m p l e was f i r s t v a c u u m t r a n s f e r e d t o r e m o v e a l l 
n o n - v o l a t i l e m a t e r i a l s p r i o r t o a n a l y s i s u s i n g c a p i l l a r y c o l u m n 
g . l . c . P r o d u c t i d e n t i f i c a t i o n was made on t h e b a s i s o f r e t e n t i o n 
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t i m e on t h e g . l . c . c o l u m n , a n d t h r o u g h t h e u s e o f g . l . c . l i n k e d 
mass s p e c t r o m e t r y . T h i s a l l o w e d i d e n t i f i c a t i o n o f t h e d i f f e r e n t 
m e t h y l h e x a n o a t e i s o m e r s b y t h e p r o m i n e n t p e a k i n t h e mass 
s p e c t r u m , d u e t o t h e M c - L a f f e r t y r e a r r a n g e m e n t : -
H . / R ' : 5 h 
M e - O - C ^ . + R'CH=CH2 
H e - O - C ^ CH ^CH 
^ C H R 
R 
T h i s r e a r r a n g e m e n t i s v e r y f a c i l e a n d f o r m s t h e b a s e p e a k f o r 
s t r a i g h t c h a i n m e t h y l e s t e r s f r o m Cg t o C^g- I d e n t i f i c a t i o n o f 
t h i s p e a k i n t h e mass s p e c t r u m a l l o w s t h e n a t u r e o f t h e R g r o u p 
t o be d e t e r m i n e d , a n d h e n c e t h e p o s i t i o n o f t h e c a r b o n y l g r o u p i n 
t h e e s t e r . I n t h e p r e s e n t c a s e , i . e . f o r h e x - l - e n e , t h e s t r a i g h t 
c h a i n i s o m e r ( m e t h y l h e p t a n o a t e ) g a v e a b a s e p e a k i n t h e mass 
s p e c t r u m o f m / e 7 3 d u e t o t h e CMe0C0CH2*J^ s p e c i e s f o r m e d b y t h e 
M c - L a f f e r t y r e a r r a n g e m e n t . S i m i l a r l y 2 - m e t h y l h e x a n o a t e g a v e a 
b a s e p e a k a t m / e 8 8 a n d 2 - e t h y l p e n t a n o a t e a t m / e 102. 
4 .1 .2 . D i s c u s s i o n 
T h e s t u d y o f t h e s e e x p e r i m e n t s a r e p r e s e n t e d i n T a b l e 4 . 1 . 
T h e s t u d y u n d e r t a k e n was c a r r i e d o u t t o g i v e some i n d i c a t i o n o f 
t h e e f f e c t s o f t e m p e r a t u r e a n d p r e s s u r e on t h e m e t h o x y -
c a r b o n y l a t i o n o f h e x - l - e n e , b u t n o t t o g i v e a d e t a i l e d 
e x a m i n a t i o n o f t h e s e p a r a m e t e r s a s r e g a r d s t h e y i e l d s a n d 
s e l e c t i v i t y t o w a r d s e s t e r f o r m a t i o n . . As c a n be s een f r o m t h e 
t a b l e t h e u s e o f c o b a l t c a t a l y s t s b a s e d on t h e Co(CO)^ i o n d o e s 
n o t g i v e a n y s i g n i f i c a n t y i e l d , a s was f o u n d w i t h o l e o n i t r i l e i n 
C h a p t e r 3 s e c t i o n 3 . 6 . T h e r e s u l t s a l s o i n d i c a t e t h a t i n c r e a s i n g 
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t h e t o t a l p r e s s u r e o f t h e r e a c t i o n g i v e s an i n c r e a s e i n y i e l d o f 
e s t e r p r o d u c t s , h o w e v e r , t h e r e i s a l s o a s l i g h t d e c r e a s e i n t h e 
s e l e c t i v i t y o f t h e r e a c t i o n t o w a r d s e s t e r p r o d u c t i o n . An 
i n c r e a s e i n p r e s s u r e a l s o h a s t h e e f f e c t o f d e c r e a s i n g t h e a m o u n t 
o f b r a n c h e d p r o d u c t s a s i n d i c a t e d b y t h e i n c r e a s e i n t h e r a t i o o f 
t h e a m o u n t o f t h e s t r a i g h t c h a i n i s o m e r ( n - i s o m e r ) t o t o t a l 
a m o u n t o f e s t e r p r o d u c t s . T h i s e f f e c t i s a l s o f o u n d w i t h h y d r o -
f o r m y l a t i o n . H o w e v e r , i n t h e s e s y s t e m s u n d e r t y p i c a l 
h y d r o f o r m y l a t i o n c o n d i t i o n s b r a n c h e d p r o d u c t s c a n be o b t a i n e d 
e v e n when t h e p a r e n t o l e f i n i s n o t i s o m e r i s e d ( 1 ) . T h i s 
p r e c l u d e s t h e m e c h a n i s m o f s e q u e n t i a l a d d i t i o n / e l i m i n a t i o n o f 
h y d r i d o - c o b a l t t e t r a c a r b o n y l a s t h e r o u t e t o b r a n c h e d p r o d u c t s . 
T h e e x p l a n a t i o n o f t h i s p h e n o m e n a p o s t u l a t e s t h a t i s o m e r i s a t i o n 
o f t h e a l k y l c h a i n o c c u r s w h i l e t h e o l e f i n i s b o u n d t o t h e c o b a l t 
i n t h e f o r m o f a T T - c o m p l e x , t h e r e s u l t i n g a - b o n d e d c o m p l e x t h e n 
u n d e r g o e s f u r t h e r r e a c t i o n a n d d o e s n o t g e n e r a t e f r e e o l e f i n b y 
e l i m i n a t i o n o f h y d r i d o - c o b a l t t e t r a c a r b o n y l . T h i s t y p e o f 
m e c h a n i s m i s o n l y a p p l i c a b l e a t c a r b o n m o n o x i d e p r e s s u r e s a b o v e 
5 0 a t m a n d t e m p e r a t u r e s b e l o w 1 2 0 ° C . I n t h e p r e s e n t r e a c t i o n t h e 
t e m p e r a t u r e s u s e d a r e s u f f i c i e n t l y h i g h t o a l l o w s e q u e n t i a l 
a d d i t i o n / e l i m i n a t i o n o f t h e h y d r i d o s p e c i e s t o o c c u r , t h i s l e a d s 
t o a h i g h l y i s o m e r i s e d m i x t u r e o f h e x e n e s i n t h e f i n a l p r o d u c t 
m i x t u r e . 
4 . 2 . T h e e f f e c t o f t h e C o ( I I ) / C o ( - l ) r a t i o on t h e 
m e t h o x y c a r b o n y l a t i o n o f h e x - l - e n e 
A i m : - t o d e t e r m i n e t h e e f f e c t o f v a r y i n g t h e Co( I I ) t o C o ( - l ) 
r a t i o o n t h e y i e l d a n d c o m p o s i t i o n o f t h e e s t e r s p r o d u c e d . 
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4 . 2 . 1 . E x p e r i m e n t a l 
T h e c a t a l y s t f o r t h i s s e r i e s o f e x p e r i m e n t s c o n s i s t e d o f a 
m i x t u r e o f PPNCo(CO)^ a n d a n h y d r o u s c o b a l t ( I I ) a c e t a t e . The 
c a t a l y s t m i x t u r e was p l a c e d i n t o t h e a u t o c l a v e , a l o n g w i t h 
m e t h a n o l ( 16ml ) a n d h e x - l - e n e ( 3 . 5 g , 0 . 0 4 3 mol ) . The s y s t e m 
was f l u s h e d o u t w i t h n i t r o g e n a n d t h e p r e s s u r i s e d t o 120 B a r w i t h 
c a r b o n m o n o x i d e . The a u t o c l a v e was t h e n h e a t e d t o 2 0 0 ° C , t h e 
p r e s s u r e a d j u s t e d t o 2 0 0 B a r a n d l e f t t o r e a c t f o r 2 h o u r s . On 
c o o l i n g a n d a f t e r d e p r e s s u r i s a t i o n s a m p l e s w e r e t a k e n f o r g . l . c . 
a n d i n f r a - r e d a n a l y s i s . T h e g . l . c . s a m p l e s w e r e t r e a t e d a s a b o v e 
i n s e c t i o n 4 .1 .1 . 
4 . 2 . 2 . D i s c u s s i o n 
T h e q u a n t i t y o f PPNCo(CO)^ u s e d was c h o s e n t o be e q u i v a l e n t 
t o t h e a m o u n t o f Co(CO)^ g e n e r a t e d b y t h e c o m p l e t e d i s s o c i a t i o n 
o f 0 . 0 5 g o f d i c o b a l t o c t a c a r b o n y l i n t o t h e d i s p r o p o r t i o n a t i o n 
c o m p l e x s u c h t h a t c o m p a r i s o n s c o u l d be made w i t h t h e r e s u l t s 
o b t a i n e d i n s e c t i o n 4 .1 .1 . T h e c h o i c e o f a m i x t u r e o f t h e 
PPNCo(CG)^ s a l t a n d a c o b a l t ( I I ) s a l t f o r t h i s s t u d y was made so 
a s t o a v o i d t h e p o s s i b i l i t y o f o t h e r c a r b o n y l s p e c i e s b e i n g 
i n i t i a l l y p r e s e n t i n t h e r e a c t i o n m i x t u r e . I t i s n o t p o s s i b l e t o 
e n s u r e t h a t a l l t h e d i c o b a l t o c t a c a r b o n y l h a s b e e n c o n v e r t e d i n 
t o t h e d i s p r o p o r t i o n a t i o n c o m p l e x b e f o r e t h e r e a c t i o n b e g i n s , 
t h u s a m i x t u r e o f d i c o b a l t o c t a c a r b o n y l a n d a c o b a l t ( I I ) s a l t i n 
m e t h a n o l w a s t h o u g h t t o be u n s u i t a b l e f o r t h e s e e x p e r i m e n t s . 
I t i s c l e a r f r o m t h e r e s u l t s f o r r u n s 1 a n d 2 i n T a b l e 4 . 2 . 
a n d f r o m t h e s t u d y w i t h o l e o n i t r i l e ( T a b l e 3 .3 C h a p t e r 3 ) t h a t 
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HolBt of CobaIt(lD per mole Ci»b*l t ( -1) 
F i g u r e 4 . 1 . T h e e f f e c t o f t h e C o ( 1 1 ) / C o ( - 1 ) r a t i o o n t h e 
m e t h o x y c a r b o n y l a t i o n o f h e x - l - e n e 
a c t i v i t y t h a t i s o b s e r v e d f o r t h i s s p e c i e s may , i n f a c t , be d u e 
o n l y t o t r a c e i m p u r i t i e s o f c o b a l t ( I I ) s p e c i e s , p r e s e n t e i t h e r 
i n t h e PPNCo(CO)^ s a l t , o r p o s s i b l y on t h e w a l l s o f t h e r e a c t o r . 
T h e r e s u l t s h e r e show t h a t t h e i n t r o d u c t i o n o f c o b a l t ( I I ) s a l t s 
i n c r e a s e t h e c o n v e r s i o n o f a l k e n e t o e s t e r p r o d u c t s . 
I n t h e a b s e n c e o f a c o b a l t ( I I ) s p e c i e s t h e r e i s o n l y a 
s m a l l y i e l d o f e s t e r ( i . e . < 0.5% ) w h i c h i n c r e a s e t o 1.7% when 
c o b a l t ( I I ) a c e t a t e i s a d d e d t o t h e r e a c t i o n m i x t u r e ( r u n 3 ) . 
T h r e e m a i n p o s s i b i l i t i e s f o r t h e mode o f a c t i o n o f t h e c o b a l t 
( I I ) c o u n t e r i o n c a n be e n v i s a g e d ; t h e f i r s t b e i n g a c t i v a t i o n o f 
t h e a l c o h o l t o w a r d s h y d r o g e n a b s t r a c t i o n b y c o - o r d i n a t i o n o f t h e 
a l c o h o l t o ' t h e c o b a l t ( I I ) i o n , t h i s w i l l p o l a r i s e t h e h y d r o g e n 
o x y g e n b o n d m a k i n g t h e h y d r o g e n m o r e a c i d i c a n d h e n c e e a s i e r t o 
a b s t r a c t . T h i s e x p l a n a t i o n h o w e v e r i s t h o u g h t t o be u n l i k e l y a s 
3 + 3 + 
t h e s t u d y w i t h v a r i o u s o t h e r c o u n t e r i o n s e .g . Fe a n d Cr h a v e 
l i t t l e o r no e f f e c t on t h e y i e l d ( s e c t i o n 3 . 6 . C h a p t e r 3 ) . 
T h e s e t r i p o s i t i v e i o n s , h o w e v e r , s h o u l d be b e t t e r a t t h i s p r o c e s s 
t h a n t h e c o b a l t ( I I ) i o n d u e t o t h e i n c r e a s e d p o l a r i t y c a u s e d b y 
t h e t r i p o s i t i v e i o n . T h u s t h e f o l l o w i n g r e a c t i o n i s t h o u g h t t o be 
o f l i t t l e i m p o r t a n c e : -
S -
( H e O H ) c C o « - : 0 - M e 
^ I 
2 + 
(HeOH)^CoOMe I + H 
' 5 ' 
HS+ 
T h e s e c o n d p o s s i b l e e x p l a n a t i o n i n v o l v e s t h e r e d u c t i o n o f t h e 
c o b a l t ( I I ) i o n t o c o b a l t ( 0 ) , w h i c h i n t h e c a r b o n m o n o x i d e 
a t m o s p h e r e w i l l b e c o n v e r t e d i n t o a c a r b o n y l s p e c i e s . T h i s 
p r o c e s s i n k n o w n t o o c c u r a s t h e m e t h o x y c a r b o n y l a t i o n r e a c t i o n 
c a n be a c h i e v e d u s i n g c o b a l t ( I I ) s a l t s ( 2 ) . T h e s e r e a c t i o n s 
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h o w e v e r g e n e r a l l y r e q u i r e h i g h e r t e m p e r a t u r e s i . e . 2 3 0 ° C . One 
w o u l d , h o w e v e r , e x p e c t t h e r e t o be a g r e a t e r e f f e c t t h a n t h a t 
o b s e r v e d h e r e on t h e y i e l d i f t h i s p r o c e s s was o c c u r r i n g t o a n y 
S i g n i f i c a n t e x t e n t . E a c h s u c c e s s i v e r e a c t i o n s u m m a r i s e d i n T a b l e 
4 . 2 . h a s a p p r o x i m a t e l y d o u b l e t h e a m o u n t o f c o b a l t ( I I ) a c e t a t e 
a n d s i n c e t h e r e a c t i o n i s a b u o t h a l f o r d e r w i t h r e s p e c t t o t h e 
c o b a l t c o n c e n t r a t i o n ( f o r d i c o b a l t o c t a c a r b o n y l c a t a l y s e d 
r e a c t i o n s s e c t i o n 3 . 5 . C h a p t e r 3 ), t h e n r u n 6 s h o u l d be a b o u t 
2 . 5 t i m e s f a s t e r t h a n r u n 3 . H o w e v e r o n l y a n i n c r e a s e i n y i e l d o f 
1.23 f o l d was r e c o r d e d a n d t h u s t h i s p r o c e s s i s c o n s i d e r e d t o be 
u n l i k e l y . 
T h e t h i r d e x p l a n a t i o n r e l i e s on t h e r e v e r s i b i l i t y o f t h e 
d i s s o c i a t i o n r e a c t i o n o f d i c o b a l t o c t a c a r b o n y l : -
3 C o ^ ( C 0 ) ^ ^ 4 C o ( C 0 ) ^ " + 2 C o ( H e O H ) „ ^ " ^ + SCO 
Z o 4 b 
T h i s r e a c t i o n h a s b e e n r e p o r t e d t o be r e v e r s i b l e b y O r c h i n ( 3 ) 
a n d h a s b e e n s u p p o r t e d b y K i l n e r ( 4 ) . The c a t a l y s t d e r i v e d f r o m 
a m i x t u r e o f C o ( - l ) / C o ( I I ) s a l t s , h o w e v e r i s s t i l l n o t as a c t i v e 
a s t h e c a t a l y s t b a s e d on d i c o b a l t o c t a c a r b o n y l ( i . e . 6.7% f o r 
t h e c a r b o n y l d e r i v e d c a t a l y s t c . f . 1.9% f o r t h e c o r r e s p o n d i n g 
C o ( - l ) / C o ( I I ) m i x e d c a t a l y s t ) . T h i s c o u l d b e d u e t o r e v e r s e 
r e a c t i o n b e i n g k i n e t i c a l l y s l o w . A n o t h e r p o s s i b l e e x p l a n a t i o n i s 
t h a t some d i c o b a l t o c t a c a r b o n y l may be r e q u i r e d t o " c a t a l y s e " t h e 
r e v e r s e r e a c t i o n . I t i s k n o w n t h a t i n t h e p r e p a r a t i o n o f d i c o b a l t 
o c t a c a r b o n y l , y i e l d s a r e o f t e n i m p r o v e d i f some d i c o b a l t o c t a -
c a r b o n y l i s a l r e a d y p r e s e n t ( 5 ) . T h i s may a l s o e x p l a i n why t h e 
c a t a l y s t made f r o m c o b a l t ( I I ) a n d c o b a l t (-1) s a l t s i s n o t as 
a c t i v e a s a s o l u t i o n o f d i c o b a l t o c t a c a r b o n y l , a l l o w e d s u f f i c i e n t 
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t i m e t o d i s p r o p o r t i o n a t e . I n t h e l a t t e r c a s e t h e r e w i l l be some 
c a r b o n y l s p e c i e s s t i l l i n t h e m o l e c u l a r f o r m , a s c o m p l e t e 
d i s s o c i a t i o n r e q u i r e s s e v e r a l h o u r s a t r o o m t e m p e r a t u r e . 
I n f r a - r e d a n a l y s i s o f t h e s o l u t i o n s r e s u l t i n g f r o m t h e 
r e a c t i o n s d e t a i l e d i n T a b l e 4 . 2 . s h o w e d no new c a r b o n y l 
s t r e t c h i n g f r e q u e n c y a b s o r p t i o n s , t h e o n l y s p e c i e s o b s e r v e d b e i n g 
d u e t o t h e Co(CO) .~ i o n a t 1 9 0 0 ( v s ) c m ~ ^ 
4 
4 . 3 . T h e e f f e c t o f m o l e c u l a r h y d r o g e n on t h e m e t h o x y -
c a r b o n y l a t i o n o f h e x - l - e n e 
A i m : - t o d e t e r m i n e t h e e f f e c t o f a d d e d m o l e c u l a r h y d r o g e n on t h e 
r a t e a n d i s o m e r d i s t r i b u t i o n o f t h e m e t h o x y c a r b o n y l a t i o n 
r e a c t i o n . 
4 . 3 . 1 . E x p e r i m e n t a l 
D i c o b a l t o c t a c a r b o n y l ( O . l g , 0 .3 mmol ) was p l a c e d i n t o 
t h e a u t o c l a v e a n d t h e s y s t e m s e a l e d . A f t e r f l u s h i n g t h e s y s t e m 
o u t W i t h d r y n i t r o g e n a s o l u t i o n o f H e x - l - e n e ( 6 g , 0 . 0 7 mol ) 
a n d m e t h a n o l ( 15ml ) was s y r i n g e d i n t o t h e a u t o c l a v e a n d t h e 
s y s t e m a g a i n f l u s h e d w i t h d r y n i t r o g e n . H y d r o g e n was t h e n 
a d m i t t e d i n t o t h e s y s t e m t o t h e r e q u i r e d p r e s s u r e , f o l l o w e d b y 
n i t r o g e n s u c h t h a t t h e t o t a l p r e s s u r e o f t h e t w o g a s s e s was k e p t 
c o n s t a n t a t 4 0 0 p . s . i . ( 2 7 . 5 B a r ) . The g a s p r e s s u r e was t h e n 
i n c r e a s e t o 115 B a r w i t h c a r b o n m o n o x i d e , a f t e r w h i c h no f u r t h e r 
a d j u s t m e n t s w e r e made t o t h e p r e s s u r e . The a u t o c l a v e was t h e n 
h e a t e d t o 1 7 0 ° C d u r i n g w h i c h t h e p r e s s u r e i n c r e a s e d t o 180 B a r . 
T h e a u t o c l a v e was s t i r r e d r a p i d l y a t t h i s t e m p e r a t u r e f o r 1 h o u r 
a f t e r w h i c h i t w a s a l l o w e d t o c o o l a n d t h e n d e p r e s s u r i s e d . 
S a m p l e s w e r e t h e n w i t h d r a w n f o r g . l . c . mass s p e c t r o s c o p y , a n d 
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i n f r a - r e d a n a l y s i s ; t h e g . l . c . , s a m p l e s w e r e v a c u u m t r a n s f e r e d 
b e f o r e a n a l y s i s t o r e m o v e t h e c a t a l y s t . 
4 . 3 . 2 . D i s c u s s i o n 
A n a l y s i s o f t h e r e a c t i o n m i x t u r e was c o m p l i c a t e d b y t h e 
c o - e l u t i o n o f t h e a c e t a l o f 2 - e t h y l p e n t a n a l a n d n - m e t h y l 
h e p t a n o a t e f r o m t h e g . l . c . c o l u m n . T h i s p r e v e n t e d f u l l a n a l y s i s 
o f t h e r e a c t i o n m i x t u r e s u c h t h a t o n l y t h e y i e l d o f t h e b r a n c h e d 
e s t e r s a n d t h e y i e l d o f 2 - m e t h y l h e x a n a l a n d h e p t a n a l a c e t a l s 
c o u l d be d e t e r m i n e d . H o w e v e r t h e s e a r e s u f f i c i e n t t o g i v e a n 
i n d i c a t i o n o f t h e y i e l d o f e s t e r s v s . h y d r o g e n c o n c e n t r a t i o n a n d 
t h e e x t e n t o f i s o m e r i s a t i o n . 
T h e r e s u l t s a r e s h o w n i n T a b l e 4 . 3 . a n d i n F i g u r e s 4 . 2 . a n d 
4 . 3 . I t i s c l e a r f r o m t h e g . l . c . r e s u l t s t h a t a s i g n i f i c a n t r i s e 
i n t h e r e a c t i o n r a t e i s o b s e r v e d , e v e n a f t e r t h e a d d i t i o n o f 
r e l a t i v e l y s m a l l a m o u n t s o f h y d r o g e n i n t o t h e s y s t e m ; w i t h a l m o s t 
c o m p l e t e c o n v e r s i o n o c c u r r i n g when 4 0 0 p . s . i . o f h y d r o g e n i s 
u s e d . I n t h e s e e x p e r i m e n t s t h e r a n g e o f h y d r o g e n p r e s s u r e s u s e d , 
c o v e r t h e c o n d i t i o n s r e q u i r e d f o r p u r e m e t h o x y - c a r b o n y l a t i o n t o 
p u r e h y d r o f o r m y l a t i o n , a t h i g h h y d r o g e n p r e s s u r e s t h e r e a c t i o n 
g i v e s p r e d o m i n a n t l y a c e t a l s y n t h e s i s ( see T a b l e 4 . 3 . ). The 
y i e l d o f a c e t a l s , f o r m e d f r o m t h e r e a c t i o n o f t h e m e t h a n o l 
s o l v e n t W i t h a n a l d e h y d e , i n c r e a s e s w i t h i n c r e a s i n g h y d r o g e n 
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P i x t i » l Pre i i -u re of HydroiBn ( b w ) 
27.2 
F i g u r e 4 . 2 . T h e e f f e c t o f m o l e c u l a r h y d r o g e n 























- M e t h y l h e x a n o a t e / d - m e t h y l h e x a n o a t e + 2 - e t h y 1 p e n t a n o a t e ) 
+• n - a c e t a l / ( n - a c e t a l + i s o - a c e t a l ) 
6.8 13-8 ^ * 
P a r t l i i Preeeure of BTdrogsn ( b a r ) 
F i g u r e 4 . 3 . T h e e f f e c t o f m o l e c u l a r h y d r o g e n 
27.2 
o n t h e i s o m e r d i s t r i b u t i o n 
C0/H2 
RCH=CH^ > RCH2 —CH^CHO 
RCH2—CH^CHO + HeOH ? RCH2—CH2CH(0H) 
OHe 
SCH^—CH^CH(OH) ^ RCH^—CH„CH(OHe)^ + H^ O 
Z Z Z Z 2 
OHe 
However as the hydrogen concentration increases the degree of 
branching is found t o drop; i.e. the amount of heptanal acetal 
increases r e l a t i v e t o the amount of 2-methyl hexanal acetal 
formed by reaction a t the 1 and 2 positions in hex-l-ene 
respectively. This e f f e c t is indicated by an increase in the 
n/(n+iso) r a t i o . A corresponding increase in branching, as the 
hydrogen concentration decreases, has been noted in the hydro-
formylation of propene ( 6 ). In these systems the s e l e c t i v i t y of 
the reaction towards the s t r a i g h t chain isomer is greater, which 
may be explained by the use of lower temperatures and pressures 
of carbon monoxide used in those systems. This e f f e c t , of 
increasing the degree of branching as the p a r t i a l pressure of 
hydrogen drops cannot be easily explained. One postulation is 
t h a t more than one c a t a l y t i c species is present and the r e l a t i v e 
p roportions of each are dependant on the hydrogen p a r t i a l 
pressure. 
In the case of the ester products i t is not as easy t o 
determine any changes in the degree of branching, since the yield 
of the s t r a i g h t chain isomer could not be determined. However the 
yields of 2-methyl hexanoate and 2-ethyl pentanoate could be 
determined, r e s u l t i n g from reaction a t the 2 and 3 positions in 
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hex-l-ene. I f the q u a n t i t y of the s t r a i g h t chain isomer increased 
r e l a t i v e t o the t o t a l amount of ester products, then there would 
also be an expected increase in the q u a n t i t y of 2-methyl 
hexanoate r e l a t i v e t o 2-ethyl pentanoate, although to a smaller 
extent than f o r the s t r a i g h t chain isomer. However in the present 
system no discernible t r e n d was observed, as evidenced by the 
r a t i o of 2-methyl hexanoate to 2-methyl hexanoate plus 2-ethyl 
pentanoate, on increasing the hydrogen pressure. This may suggest 
t h a t , unlike the acetal synthesis case above, the degree of 
branching is independent of the p a r t i a l pressure of hydrogen. 
This would indicate t h a t the methoxycarbonylation and 
hydroformylation reactions are not as mechanistically similar as 
i t f i r s t appears. The other explanations are t h a t any trend was 
too small to be detected, or t h a t the r a t i o of the 2-methyl 
hexanoate t o the 2-raethyl hexanoate plus 2-ethyl pentanoate 
isomers does not p a r a l l e l the n/(n+iso) r a t i o . 
I t can be seen t h a t r e l a t i v e l y small amounts of hydrogen 
have a s i g n i f i c a n t e f f e c t on the reaction r a t e . By increasing the 
pressure of hydrogen by a f a c t o r of 7 the y i e l d increases by 52%. 
A smaller e f f e c t is observed on going from no added hydrogen to 
fl u s h i n g the system out with hydrogen ( run 5 Table 4.3. ). As 
indicated, also in Table 4.3., the carbon monoxide used contains 
300 vpm ( t y p i c a l l y ) of hydrogen, which is equivalent to a 
cobalt to hydrogen molar r a t i o n of 1:0,7. Under the condition 
employed t h i s may be s u f f i c i e n t t o i n i t i a t e a c a t a l y t i c cycle. 
The hydrogen may r e a c t with dicobalt octa-carbonyl to give 
hydrido cobalt t e t r a c a r b o n y l (I) d i r e c t l y or i t may help in the 
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conversion of cobalt (II) s a l t s t o ac t i v e cobalt (0) species. 
4.4 The e f f e c t of a d d i t i v e s on the methoxycarbonylation of 
hex-l-ene 
Aim:- t o determine the e f f e c t of various co-reactants, such as 
a l k y l and a l k a l i metal halides, on the yields and s e l e c t i v i t y 
towards ester production. 
4.4.1. Experimental 
Solid co-reactants e.g. potassium iodide ( 0.5g, 3 mmol ) 
were placed with dicobalt octacarbonyl ( 0.05g, 0.146 mmol ) into 
the autoclave. The system was then flushed with nitrogen. A 
solution of hex-l-ene ( 3g, 0.035 mol ) in methanol ( 50ml ) 
mixed with any l i q u i d co-reactants, were syringed into the 
autoclave. The system was then t r e a t e d as in section 4.1.1., the 
react i o n temperature being 200°C with the i n i t i a l pressure being 
200 Bar carbon monoxide. Samples were analysed as previously 
described. 
4.4.2. Discussion 
The r e s u l t s are t a b u l a t e d in Table 4.4,; each addi t i v e w i l l 
be discussed separately. F i r s t l y the addition of pyridine has a 
dramatic e f f e c t on the yi e l d of esters. An increase from 5.2% to 
44.5% was obtained, accompanied by a s l i g h t increase in the 
s e l e c t i v i t y towards the s t r a i g h t chain ester. The r a t e increase 
achieved by the ad d i t i o n of some t e r t i a r y amines, like pyridine 
and quinoline, has been noted previously by several authors ( 
7,8,9 ) and two explanations have been given f o r the mode of 
action of these bases. The f i r s t explanation is t h a t pyridine 
a s s i s t s in the cleavage of the acyl cobalt t e t r a c a r b o n y l species. 
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This species can be regarded as being similar to an acyl halide, 
in c e r t a i n reaction mechanisms, and a similar accelerating e f f e c t 
is in f a c t also observed in base assisted hydrolysis of acyl 
halides ( 10 ). This has been explained by the formation of a 
pyridinium complex as an intermediate in the hydrolysis:-
0 
RCOCo(CO). + py 5> RC + Co(CO). 
4 r-r ^ 4 
RCOOR' + py + 
NC^H, 
An increase of 10^ in the r a t e of hydrolysis of acetyl or benzoyl 
chlorides can be achieved by the addition of pyridine. 
The second explanation was proposed by Hat.suda ( 11 ) who 
suggested t h a t the addition of pyridine causes a new cobalt 
pyridine carbonyl complex to be formed; t h i s complex is then 
po s t u l a t e d t o be a more e f f i c i e n t c a t a l y s t . The disadvantage in 
t h i s explanation is t h a t pyridine w i l l r eact with dicobalt 
octacarbonyl, in the same fashion as methanol, and produce the 
di s p r o p o r t i o n a t i o n product [CoLg]CCo(C0)^]2' which should possess 
the same a c t i v i t y as the c a t a l y s t in methanol. The f i r s t 
explanation seems t o be more reasonable in the present context. 
The second co-reactant employed was methyl iodide. I t was 
found t h a t t h i s w i l l r e a c t with dicobalt octacarbonyl t o give the 
methyl cobalt t e t r a c a r b o n y l i n i t i a l l y , which converts r a p i d l y to 
the acyl species ( see section 3.3. Chapter 3 ). The acyl cobalt 
t e t r a c a r b o n y l complex may be expected t o undergo reaction t o 
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produce methyl ethanoate in a similar reaction t o the 
methoxycarbonylation of alkenes:-
MeOH 
MeCo(CO)^ > HeCOOHe + HCo(CO). 
4 4 
The hydrido cobalt t e t r a c a r b o n y l thus generated may be expected 
t o undergo f u r t h e r reaction and produce ester products derived 
from hex-l-ene. However a s l i g h t drop in y i e l d is observed from 
5.2%, With no methyl iodide, t o 2.0% with methyl iodide. This may 
be explained by p o s t u l a t i n g a similiar mechanism t o t h a t proposed 
f o r homologation of methanol in the presence of methyl iodide ( 
12 ). 
Co(CO)^~ + Hel ^ HeCo(CO). + l " 
4 4 
^ . WW > HeCOCo(CO)^ 
+ el 
+ CO
+ Ho 2 
OH 
^ ^ ^ HeCH20H + HCo(CO)^ 
-> Co(CO), + H^ O 
MeOH + r > Hel + OH" 
Evidence f o r methyl iodide was found by g.l.c. mass spectroscopy, 
in the product mixture. Also present in the product mixture were 
l i g h t boiling products derived from methanol, but these were not 
i d e n t i f i e d . 
The other a d d i t i v e s used were iodine and potassium iodide. 
In each case a decrease in y i e l d was noted, the e f f e c t being less 
With potassium iodide. In the case of iodine ( which was added t o 
the methanol/hex-l-ene mixture before syringing into the 
autoclave ) i t was hoped t h a t 1,2 addition t o the double bond in 
hex-l-ene would occur t o give 1,2 diiodohexane, which would react 
by nucleophilic a t t a c k of the Co(CO)^ ion, t o give an acyl 
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species via an a l k y l cobalt t e t r a c a r b o n y l : -
CH^iCH^)^CHlCH^l + Co(CO)^" > CHg(CH2)4CHICH2Co(C0)^ 
Unfortunately i t seems t h a t the iodine p r e f e r e n t i a l l y reacted 
With the di c o b a l t octacarbonyl to give C 0 I 2 . In the case of 
potassium iodide, the y i e l d also decreased possibly due to the 
iodide ion c a t a l y s i n g the di s p r o p o r t i o n a t i o n of dicobalt octa-
2-
carbonyl to form the CoX^ species ( 13 ). In both cases 
products derived from methanol were again observed, although to a 
lesser extent than in the methyl iodide case. I t therefore seems 
l i k e l y t h a t the iodide ions reacted in a similar manner to those 
in the methyl iodide case above to produce methyl iodide. In each 
of the iodine containing systems the isomer d i s t r i b u t i o n 
i n dicated a s l i g h t increase in the amount of branched isomers. 
This may be due to the slower carbonylation reaction allowing a 
g r e a t e r degree of o l e f i n isomerisation of an i n i t i a l TT-complex. 
4.5. The e f f e c t of co-reactants on the methoxycarbonylation of 
o l e o n i t r i l e 
4.5.1. Experimental 
The reactions were c a r r i e d out using a similar procedure to 
t h a t d e t a i l e d in the previous section, except t h a t reactions were 
performed a t 200 Bar i n i t i a l pressure of carbon monoxide and a t 
180°C f o r 5 hours. 
4.5.2. Discussion 
As can be seen from the r e s u l t s in Table 4.5., the use of 
crude u n - d i s t i l l e d o l e o n i t r i l e in place of the p u r i f i e d material 
causes a decrease in y i e l d of esters obtained and a s l i g h t 
decrease in s e l e c t i v i t y is also found. These e f f e c t s may be 
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expected as crude o l e o n i t r i l e can contain acids, amides, dienes, 
amines and acetylenes as impurities, a l b e i t in small quantities, 
and are due t o the method of manufacture in most cases. This 
involves conversion of oleic acid to the amide followed by 
dehydration t o the n i t r i l e . The polyenes and acetylenes are 
present in small q u a n t i t i e s in the n a t u r a l glycerides from which 
oleic acid is obtained. Acetylene compounds are known to be 
e f f e c t i v e c a t a l y s t poisons ( 14 ) by selective removal of 
dico b a l t octacarbonyl:-
Co^CCOg > > Co^ CCOgCRC-CR') 
The acetylene bridges the two cobalt atoms and forms a r e l a t i v e l y 
stable compound. The n i t r i l e group is also known to bond through 
the Tf-system ( 15 ) but these d e r i v a t i v e s are not as stable as 
those which involve a-bonding through the nitrogen atom. 
The a d d i t i o n of a small q u a n t i t y of water to the reaction 
mixture seems t o have very l i t t l e e f f e c t on the reaction r a t e , a 
s l i g h t increase being noted. The increase in reaction r a t e could 
be due to two e f f e c t s . The f i r s t is the production of hydrogen 
via the water gas s h i f t reaction. 
CO + H2 > CO2 + H2 
This reaction however is not catalysed by dicobalt octacarbonyl. 
The q u a n t i t y of hydrogen required t o a f f e c t the r a t e i s not very 
large because a s i g n i f i c a n t r i s e in reaction r a t e was observed 
on the addition of small q u a n t i t i e s of hydrogen ( see section 
4.3. ). The second e f f e c t , t h a t could occur, i s the more f a c i l e 
cleavage of the acyl cobalt t e t r a c a r b o n y l ; t h i s could be due to 
the g r e a t e r n u c l e o p h i l i c i t y of water compared to methanol or due 
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to s t e r i c e f f e c t s . The a l k y l group formed from o l e o n i t r i l e is 
q u i t e bulky with long a l k y l chains. These w i l l tend t o p r o t e c t 
the carbonyl group from nucleophillic a t t a c k and since water is a 
smaller nucleophile i t s a t t a c k w i l l be less hindered. The acid 
formed by t h i s process w i l l undergo reaction with the methanol 
solvent t o regenerate water and form the ester. 
The s t e r i c e f f e c t of the a l k y l group may also explain the 
observed tr e n d f o r methoxycarbonylation: Terminal alkenes react 
f a s t e s t . With branched i n t e r n a l alkenes the slowest ( 16 ). There 
is also a decrease in reaction r a t e on going from primary to 
secondary and t e r t i a r y alcohols. This trend was noted during the 
prep a r a t i o n of various esters ( see section 3.4. Chapter 3 ). In 
the case of propanol and t e r t i a r y butanol a large amount of 
o l e o n i t r i l e was unreacted, the t e r t i a r y butanol being the 
slowest t o react. 
There i s however another explanation f o r these r e s u l t s -
the alcohols themselves may undergo side reactions thus reducing 
t h e i r a c t i v i t y ; the s t e r i c e f f e c t however i s expected t o s t i l l 
play an important p a r t . One of the main side reactions is 
dehydration of the alcohol t o give an alkene, a reaction which 
can not occur with methanol:-
CH2CH(0H)CH3 ^ CH2CH=CH2 + H2O 
4.6. The e f f e c t of phosphorus ligands on the methoxycarbonylation 
of o l e o n i t r i l e 
Aim:- t o determine the e f f e c t of d i f f e r e n t phosphine types and 
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C o n d i t i o n s : - Cobalt species 0.3 mmol 
O l e o n i t r i l e 3g, 10 mmol 
nO'C, 200 Bar CO, 5 hours 
4.6.1. Experimental 
The basic experimental procedure can be s p l i t in to two 
methods depending upon the nature of the c a t a l y s t : For non-air 
sensitive samples the c a t a l y s t was placed in t o autoclave together 
With o l e o n i t r i l e ( 3g, 10 mmol ) and methanol ( 30ml ). The 
system was flushed out with nitrogen several times, followed by 
p r e s s u r i s a t i o n to 200 Bar with carbon monoxide. The reaction was 
s t i r r e d r a p i d l y a t 170°C f o r 5 hours and then allowed to cool 
overnight. A f t e r depressurisation samples were taken f o r g.l.c. 
analysis and any solid formed was f i l t e r e d o f f , washed with 
methanol and dried 'in vacuo'. The solids were analysed by 
elemental analysis and i n f r a - r e d spectroscopy. 
For a i r sensitive samples the c a t a l y s t was placed into the 
autoclave, which had previously been flushed out with nitrogen, 
against a counter c u r r e n t of nitrogen. The system was then sealed 
and flushed out. A solution of o l e o n i t r i l e ( 3g, 10 mmol ) in 
methanol ( 30ml ) was prepared and degassed by freeze-thaw 
cycles. The solution was then syringed in t o the autoclave and the 
experiment c a r r i e d out as above. 
4.6.2. Discussion 
The general r e s u l t of the addition of a phosphine ligand to 
the system is a dramatic decrease in the y i e l d of ester products 
( see Table 4.5. ). This e f f e c t did not seem t o show any 
dependence on the type of complex used or on the nature of the 
phosphine ligand. As a r e p r e s e n t i t i v e example the r e s u l t s f o r the 
triphenylphosphine systems w i l l be discussed in more d e t a i l . 
In t h i s study three types of phosphine systems were used 
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these were:-
CCo(C0)g(PPh3)2]"^CCo(C0)^]~, [Co(C0)2PPhg]2, Co2(C0)g/FPh2 
(I) (II) 
In each case only a low y i e l d of ester products were obtained 
with no new organic species being detected. In each reaction a 
red/brown solid was obtained from the reaction mixture, t h i s 
p r e c i p i t a t e gave i n f r a - r e d peaks at 1960(m), 1950(s) and 1905(w) 
cm ^ in the carbonyl s t r e t c h i n g frequency region. These peaks can 
be assigned to the [Co(C0)2FPh2]2 complex ( peaks reported a t 
1960(sh), 1945(s) and 1900(w) cm~^ ( 17 ), the other possible 
complex [Co(C0)2(PPhg)2ll"*'[Co(C0)^]~ gives peaks at 2008(m) and 
1895(s) cm ^). No other bands were observed in the solution 
i n f r a - r e d except f o r the Co2(C0)g/PPh2 system, which gave a peak 
a t 1900 cm~^ due to the Co(CO)^ species. 
Several publications have appeared in the past few decades 
on the reaction of phosphine ligands with dicobalt octacarbonyl ( 
18,19 ). In general the only species stable a t room temperature 
in the absence of a carbon monoxide atmosphere are the two 
complexes (I) and (II) above. The r e l a t i v e amount of each of 
these species formed by a reaction of phosphine and dicobalt 
octacarbonyl, i s dependant mainly on the temperature. Complexes 
of type (I) are only favoured by low temperatures ( 0°C ) and 
polar media. The dimer CCo(C0)gPPhg]2 is solely formed i f the 
temperature is g r e a t e r than 50°C. Thus i t is not s u r p r i s i n g t h a t 
the runs with these two complexes are equivalent. 
In the case of the dicobalt octacarbonyl/triphenylphosphine 
system the complex t h a t could be i n i t i a l l y formed in solution is 
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the Co2(C0).^PFh2 species, t h i s type of complex is generally only 
stable under carbon monoxide atmospheres, and is usually in 
equilibrium with other species ( 20 ). With no carbon monoxide 
atmosphere these species are unstable and disproportionate t o the 
dimer (II) and dic o b a l t octacarbonyl:-
2Co2(C0)^PPh2 > CO^{CO)Q + iCo{£0)^??h^1^ 
Thus even i f t h i s species was present under reaction conditions 
d i s p r o p o r t i o n a t i o n w i l l have occurred on depressurisation t o give 
the dimer (II). The remaining dicobalt octacarbonyl w i l l i t s e l f 
d i s p r o p o r t i o n a t e in the reaction media t o give the Co(CO)^ 
/CoL_'^ "*^  complex, b 
The reason f o r the low a c t i v i t y f o r phosphine complexes f o r 
the alkoxycarbonylation reaction can be ascribed t o two ef f e c t s ; 
namely low a c t i v i t y of the hydride species HCo(C0)2PPh2 and 
s t e r i c hindrance. The hydride complex is less reactive than the 
un s u b s t i t u t e d system due to the i n t e r a c t i o n of the cobalt and 
phosphorus atoms making the cobalt hydrogen bond less polar. The 
hydride species with t r i a l k y l phosphorus ligands is a bulky 
group, and thus co-ordination of an alkene is harder than in the 
ligand f r e e complex. Also the acyl species RC0Co(C0)2PPh2 wil l be 
s t e r i c a l l y a very demanding molecule f o r nucleophilic attack of 
the carbonyl group by methanol to give the ester products. 
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CHAPTER FIVE 
AN INFRA-RED STUDY OF THE 
ALKOXYCARBONYLATIQN REACTION AND 
DISCUSSION OF THE REACTION HECHANISH 
5.1. I n t r o d u c t i o n 
The f o l l o w i n g c h a p t e r i s s p l i t i n t o two sec t i o n s ; the f i r s t 
p a r t d e t a i l s t h e high p r e s s u r e i n f r a - r e d s p e c t r o s c o p i c s t u d y of 
t h e a l k o x y c a r b o n y l a t i o n r e a c t i o n . The second s e c t i o n deals w i t h a 
d e t a i l e d e x a m i n a t i o n of t h e a l k o x y c a r b o n y l a t i o n r e a c t i o n w i t h 
c r i t i c a l d i s c u s s i o n of each r e a c t i o n s t e p , comparisons being 
drawn w i t h o t h e r c o b a l t based c a t a l y t i c r e a c t i o n s . 
In r e c e n t y e a r s i n f r a - r e d and combined i n f r a - r e d / u l t r a 
V i o l e t s p e c t r o s c o p i c s t u d i e s have been r e p o r t e d f o r t h e h y d r o -
f o r m y l a t i o n r e a c t i o n , a r e a c t i o n which has m e c h a n i s t i c a l l y 
r e l a t e d s t e p s t o t h e h y d r o c a r b o n y l a t i o n and a l k o x y c a r b o n y l a t i o n 
r e a c t i o n s . However n e i t h e r of these l a t t e r systems have been 
examined under 'in s i t u ' c o n d i t i o n s . The i n v e s t i g a t i o n of t h e 
h y d r o f o r m y l a t i o n of 1-octene by Whyman usi n g d i c o b a l t o c t a -
c a r b o n y l ( 1 ), i n d i c a t e d t h a t t h e main c o b a l t species p r e s e n t 
under r e a c t i o n c o n d i t i o n s were d i c o b a l t o c t a c a r b o n y l and t h e a c y l 
c o b a l t t e t r a c a r b o n y l complex. These r e s u l t s were s u p p o r t e d by 
Mirbachs e t a l combined i n f r a - r e d / u l t r a - v i o l e t examination ( 2 ). 
This work i n d i c a t e d t h a t t h e r a t e l i m i t i n g s t e p of the r e a c t i o n 
was h y d r o g e n o l y s i s of t h e a c y l complex. Whyman, however, r e p o r t e d 
t h a t i n t h e case of i n t e r n a l alkenes t h e r e a c t i o n i s l i m i t e d by 
t h e i n i t i a l r e a c t i o n of t h e alkene w i t h t h e h y d r i d o c o b a l t 
t e t r a c a r b o n y l complex. 
5.2. High p r e s s u r e i n f r a - r e d s t u d y of t h e c o b a l t / m e t h a n o l / 
alkene a l k o x y c a r b o n y l a t i o n system 
Aim:- t o o b s e r v e under r e a c t i o n c o n d i t i o n s t h e major c o b a l t 
species p r e s e n t i n t h e r e a c t i o n . 
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5.2.1. E x p e r i m e n t a l 
The i n f r a - r e d s t u d y was c a r r i e d o u t us i n g the equipment 
p r e v i o u s l y d e s c r i b e d i n Chapter 2 ( see s e c t i o n 2.4. Fig 2.1. ). 
The g e n e r a l e x p e r i m e n t a l p r o c e d u r e was as f o l l o w s : - d i c o b a l t 
o c t a c a r b o n y l ( 0.5g, 1.5 mmol ) was p l a c e d i n t o t h e sample c e l l , 
which had p r e v i o u s l y been f l u s h e d w i t h d r y n i t r o g e n . A degassed 
m i x t u r e of o l e o n i t r i l e ( 4g, 1.5 mmol ) and methanol ( 16ml ) was 
the n s y r i n g e d i n t o t h e sample and r e f e r e n c e c e l l s a g a i n s t a 
c o u n t e r c u r r e n t of n i t r o g e n . The system was then sealed, f l u s h e d 
With n i t r o g e n , then p r e s s u r i s e d t o 100 Bar w i t h carbon monoxide. 
The i n f r a - r e d s p e c t r a were r e c o r d e d a t r e g u l a r t e m p e r a t u r e 
i n t e r v a l s of a p p r o x i m a t e l y 25°C - a t each t e m p e r a t u r e t h e system 
was allowed 30 minutes t o reach e q u i l i b r i u m b e f o r e t h e f i n a l 
s p e c t r a were r e c o r d e d ( i.e. no change w i t h time was observed i n 
t h e i n f r a - r e d s p ectrum ). On r e a c h i n g t h e r e q u i r e d r e a c t i o n 
t e m p e r a t u r e ( t y p i c a l l y 170°C ) t h e p r e s s u r e of t h e system i n 
some cases was i n c r e a s e d and t h e i n f r a - r e d spectrum recorded. The 
system was u s u a l l y l e f t t o r e a c t a t t h e r e q u i r e d t e m p e r a t u r e f o r 
a b u o t 1 hour, a f t e r t h i s p e r i o d t h e c e l l was allowed t o cool. 
Again as t h e t e m p e r a t u r e decreased t h e i n f r a - r e d spectrum was 
r e c o r d e d a t v a r i o u s i n t e r v a l s , a l l o w i n g time f o r t h e system t o 
e q u i l a b r a t e . F i n a l l y a f t e r d e p r e s s u r i s a t i o n , a t room t e m p e r a t u r e , 
t h e l a s t i n f r a - r e d s p e c t r u m was r e c o r d e d . 
5.2.2. R e s u l t s and d i s c u s s i o n 
(a) D i c o b a l t o c t a c a r b o n y l / m e t h a n o l / a l k e n e system 
A f t e r h a l f an hour a t room t e m p e r a t u r e and 100 Bar p r e s s u r e 
t h e o n ly peak d e t e c t a b l e i n t h e 2200 t o 1500 cm ^ r e g i o n of t h e 
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i n f r a - r e d was a t 1895(vs) cm \ due t o t h e Co(CO)^ ion. 
I n c r e a s i n g t h e t e m p e r a t u r e had t h e e f f e c t of dec r e a s i n g t h e 
i n t e n s i t y o f t h e peak, b u t no new c a r b o n y l bands were d e t e c t e d 
u n t i l t h e r e a c t i o n t e m p e r a t u r e was above 125°C. At t h i s 
t e m p e r a t u r e t h e i n f r a - r e d showed peaks a t 1995(m), 1890(vs) and 
1710(m) (broad) cm .^ On i n c r e a s i n g t h e t e m p e r a t u r e t h e peak a t 
1710 became s t r o n g e r and a shoulder a t 2040 cm ^ was also 
e v i d e n t . On c o o l i n g no change i n these peaks were noted. 
In t h e case of hex-l-ene, as t h e alkene r e a c t a n t , t h e 
i n f r a - r e d s p e c t r a i n i t i a l l y showed peaks a t 2040(sh,m), 2010(m), 
1895(m) and 1840(m) cm ^ On i n c r e a s i n g t h e t e m p e r a t u r e t h e peaks 
a t 1895 and 1840 cm ^ i n c r e a s e d i n i n t e n s i t y w i t h t h e peak a t 
1895 cm ^ becoming weak above 125°C. At 170°C a new c a r b o n y l peak 
a p p e a r e d a t 1710(m) cm \ i n c r e a s i n g i n i n t e n s i t y w i t h time, and 
th e a b s o r p t i o n a t 2010(m) cm ^ broadened. On coo l i n g , t h e peaks 
a t 1895 and 1840 cm ^ i n c r e a s e d i n i n t e n s i t y and remained 
unchanged even on d e p r e s s u r i s a t i o n . At t h i s s t a g e a new c a r b o n y l 
peak became v i s i b l e a t 2105 cm ^ 
The i n t e r p r e t a t i o n of t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y 
r e g i o n i s c o m p l i c a t e d by t h e a b s o r p t i o n of methanol a t 2040 cm ^ 
A l t h o u g h t h e s p e c t r o m e t e r c o n s i s t s of b o t h sample and r e f e r e n c e 
c e l l s i t i s d i f f i c u l t t o match t h e p a t h l e n g t h s , a t high 
p r e s s u r e s and t e m p e r a t u r e s , t o remove t h i s peak. Even i f t h e p a t h 
l e n g t h s a r e e q u a l a t t h e s t a r t of t h e r e a c t i o n t h e may change 
d u r i n g t h e experiment. Also t h e s p e c t r o m e t e r w i l l n ot be v e r y 
s e n s i t i v e i n t h i s r e g i o n as b o t h t h e sample and r e f e r e n c e beams 
w i l l be a t t e n u a t e d by t h e methanol peak. 
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In b o t h cases t h e i n f r a - r e d s p e c t r a i n i t i a l l y showed t h e 
s t r o n g a b s o r p t i o n of Co(CO)^ a t 1895 cm ^ a r i s i n g from t h e 
d i s p r o p o r t i o n a t i o n of d i c o b a l t o c t a c a r b o n y l i n methanol t o form 
[Co(HeOH)g^'*"3CCo(CO)^~]2- The o t h e r l e s s i n t e n s e peaks p r e s e n t a t 
room t e m p e r a t u r e i n t h e hex-l-ene r e a c t i o n , c o u l d p o s s i b l y be due 
t o molecular d i c o b a l t o c t a c a r b o n y l ( peaks r e p o r t e d a t 2070(s), 
2059(mw,sh), 2044(s,sh), 2042(s), 2031(m,sh), 2022(s), 2002(vw), 
1866(mw,sh) and 1857(m) cm ^ ( 3 ) ). However one would not 
e x p e c t these peaks t o remain c o n s t a n t w i t h time and on i n c r e a s i n g 
t h e t e m p e r a t u r e , as t h e c o b a l t species a r e c o n v e r t e d i n t o the 
Co(CO)^ complex; however t h e peak a t 1840 was p r e s e n t 
t h r o u g h o u t ^ 
The o t h e r s p e c i e s which should be p r e s e n t i n s o l u t i o n f o r 
th e h y d r o f o r m y l a t i o n based mechanism a r e t h e HCo(CO)^ and 
RCOCo(CO)^ complexes. These a r e r e p o r t e d t o g i v e i n f r a - r e d 
a b s o r p t i o n s a t :- HCo(CO)^ 2114(w), 2052(m), 2030(s) and 1993(vw) 
cm~^ and RCOCo(CO)^ 2103(m), 2044(s), 2022(s), 2003(vs) and 
1720(m) cm~^ f o r R=CgH^.^ ( 1 ). The l a s t peak was not assigned 
and t h e a u t h o r s u g g e s t e d i t may a c t u a l l y be due t o o r g a n i c 
p r o d u c t s and n o t t h i s complex. However t h i s peak i s always 
r e p o r t e d f o r these species. In b o t h cases evidence i n t h e i n f r a -
r e d e x i s t s f o r t h e presence of t h e a c y l complex w i t h b o t h h e x - l -
ene and o l e o n i t r i l e g i v i n g peaks a t 2005 and 1710 cm ^ as well as 
t h e b r o a d a b s o r p t i o n s i n t h e 2040 cm ^ reg i o n . Also in t h e case 
of hex-l-ene a peak a t 2105(m) was also v i s i b l e . 
(b) Co(CO)^ /methanol/alkene r e a c t i o n 
In these e x p e r i m e n t s two d i f f e r e n t c o b a l t systems were 
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s t u d i e d , f i r s t l y t h e PPNCo(CO)^ complex alone, and secondly a 
m i x t u r e of PPNCo(CO). and c o b a l t (II) a c e t a t e . In both cases and 
4 
f o r b o t h alkenes, t h e only peak v i s i b l e a t room t e m p e r a t u r e was 
t h e Co(CO)^~ peak a t 1895 cm ^ On h e a t i n g t h e system t o 170°C no 
change was o b s e r v e d and no new c a r b o n y l s t r e t c h i n g f r e q u e n c y 
bands were d e t e c t e d . I f t h e r e a c t i o n i s c a r r i e d o u t w i t h e t h a n o l 
i n s t e a d of methanol then no change i s observed, u n t i l t h e 
r e a c t i o n i s cooled when two new c a r b o n y l peaks a r e observed a t 
2040(m) and 2060(m) cm~^ These a r e n o t due t o t h e e t h a n o l 
s o l v e n t and may a r i s e from t h e a c y l species. 
5.3. An i n f r a - r e d s t u d y o f t h e m e t h a n o l / d i c o b a l t o c t a c a r b o n y l / 
alkene system i n t h e presence of petroleum e t h e r s o l v e n t 
Aim:- t o p r o v i d e a n o n - p o l a r medium t o reduce t h e 
d i s p r o p o r t i o n a t i o n r e a c t i o n , and hence observe t h e e f f e c t of 
hi g h e r c o n c e n t r a t i o n s of d i c o b a l t o c t a c a r b o n y l . 
5.3.1. E x p e r i m e n t a l 
The c o n d i t i o n s used were t h e same as t h e above experiment 
e x c e p t t h a t t h e s o l v e n t used was a m i x t u r e of methanol ( 2ml ) 
and 80 - 100°C p e t r o l e u m e t h e r ( 18ml ). As b e f o r e t h e r e a c t i o n 
was h e a t e d i n s t a g e s w i t h s u f f i c i e n t time allowed f o r 
e q u i l i b r a t i o n t o occur. 
5.3.2. Discussion 
In both cases t h e i n f r a - r e d i n i t i a l l y g a v e v e r y s t r o n g 
peaks With a b r o a d band c e n t r e d a t 2020 cm ^ as well as peaks a t 
1995(w,sh) and 1855(s) cm .^ In t h e case of o l e o n i t r i l e , 
a d d i t i o n a l peaks were o b s e r v e d a t 1885(m) and 2055(m) cm ^ On 
h e a t i n g t h e peaks above 2000 cm~^ weakened and b r o a d e n e d 
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s l i g h t l y , a t 170°C a b r o a d u n r e s o l v e d band c e n t r e d a t 2005(m) 
cm \ and a b r o a d peak a t 1740 cm ^ became v i s i b l e . On c o o l i n g 
a l l t h e peaks i n c r e a s e d i n i n t e n s i t y w i t h a new a b s o r p t i o n being 
o b s e r v e d a t 2110 cm \ 
The peaks i n i t i a l l y p r e s e n t may be assigned t o molecular 
d i c o b a l t o c t a c a r b o n y l . On h e a t i n g these peaks become weaker 
p r o b a b l y due t o t h e r e a c t i o n of d i c o b a l t o c t a c a r b o n y l w i t h 
methanol t o g i v e Co(CO)^ . However t h i s ion normally absorbs a t 
1895 cm ^ b u t may be s h i f t e d due t o t h e non-polar n a t u r e of t h e 
s o l v e n t . The f a c t t h a t most of t h e peaks a r e b r o a d unresolved 
bands s u g g e s t s a complex m i x t u r e of c a r b o n y l species p r e s e n t i n 
t h i s system, b u t may also be due t o s o l i d s suspended i n t h e 
r e a c t i o n media. The b r o a d peak a t 1740 cm ^ and t h e unresolved 
band c e n t r e d a t 2005(ms) cm ^ t o g e t h e r w i t h t h e peak a t 2110 cm ^ 
s u g g e s t s t h e presence of t h e a c y l complex ( peaks r e p o r t e d a t 
2103(m), 2044(s), 2022(s), 2003(vs) and 1720(m) cm~^ ( 1 ) ). 
5.4. An i n f r a - r e d s t u d y of t h e m e t h a n o l / d i c o b a l t o c t a c a r b o n y l 
hex-l-ene system w i t h added molecular hydrogen 
Aim:- t o o b s e r v e d t h e e f f e c t of added molecular hydrogen on t h e 
i n f r a - r e d spectrum. 
5.4.1. E x p e r i m e n t a l 
The b a s i c e x e r i m e n t a l p r o c e d u r e was t h e same as t h a t 
d e s c r i b e d i n s e c t i o n 5.2.1. e x c e p t t h a t t h e c e l l was p r e s s u r i s e d 
t o 25 Bar w i t h hydrogen, t h e p r e s s u r e then being i n c r e a s e d t o 160 
Bar w i t h c a r b o n monoxide. 
5.4.2. Discussion 
A f t e r one hour a t room t e m p e r a t u r e t h e only peaks observed 
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i n t h e i n f r a - r e d were a t 1895(ms) and 2035(m) cm~^ These were 
assigned t o t h e Co(CO)^ ion and t h e methanol s o l v e n t 
r e s p e c t i v e l y . I n c r e a s i n g t h e t e m p e r a t u r e had t h e e f f e c t of 
d e c r e a s i n g t h e i n t e n s i t y of t h e 1895 cm ^ peak. By 75°C new 
c a r b o n y l peaks were f o u n d a t 2005(s) and 2105(mw) cm ^ as well as 
two p o o r l y r e s o l v e d peaks c e n t r e d around 2030(m) and 2060(m) cm 
^ I n c r e a s i n g t h e t e m p e r a t u r e f u r t h e r caused t h e 1895 cm ^ peak 
t o weaken a g a i n w i t h a c o r r e s p o n d i n g i n c r e a s e i n t h e peaks a t 
around 2000 - 2100 cm ^ which broadened. A new broad u n r e s o l v e d 
a b s o r p t i o n was o b s e r v e d i n t h e 1700 cm ^ re g i o n . The peaks in t h e 
2000 - 2100 cm ^ r e g i o n a r e assigned t o t h e a c y l complex 
CgHj.3C0Co(C0)^. 
This e x p e r i m e n t i n d i c a t e s t h a t a l t h o u g h i n i t i a l l y a l l t h e 
c o b a l t may appear t o be i n t h e form of t h e Co(CO)^ ion r e a c t i o n 
may o c c u r t o g e n e r a t e t h e a c y l species. This a c c o r d i n g t o the 
p r e s e n t l y b e l i e v e d mechanism, based on t h e h y d r o f o r m y l a t i o n 
mechanism, w i l l have o c c u r r e d v i a g e n e r a t i o n of t h e h y d r i d o 
t e t r a c a r b o n y l c o b a l t species. I f t h i s species was formed i t was 
no t d e t e c t e d . However t h e peaks due t o t h e HCo(CO)^ complex a t 
2114(w), 2052(m), 2030(s) and 1993(vw) cm~^ may have been 
o b s c u r e d by t h e a c y l complex. Also, due t o t h e p o l a r n a t u r e of 
t h e methanol s o l v e n t , t h e h y d r i d o complex i s b e l i e v e d t o e x i s t 
mainly i n t h e form of t h e Co(CO)^ ion r e s u l t i n g from t h e 
f o l l o w i n g e q u i l i b r i u m 
HeOH + HCo(CO)^ ^ He0H2"^ + Co(C0)^~ 
The g r e a t e r i n t e n s i t y of t h e a c y l peaks i n t h i s system compared 
t o t h e S i m i l a r r e a c t i o n w i t h c arbon monoxide alone, presumably 
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r e f l e c t s t h e f a s t e r r e a c t i o n r a t e f o r t h e p r o d u c t i o n of t h e 
h y d r i d o complex, i n t h i s system the r e a c t i o n of the a c y l species 
i s p r o b a b l y r a t e l i m i t i n g . 
5.5The e f f e c t o f added phosphine l i g a n d s on t h e methanol/ 
d i c o b a l t o c t a c a r b o n y l / h e x - l - e n e system 
Aim:- t o s t a b i l i s e any i n t e r m e d i a t e h y d r i d o and a c y l c o b a l t 
complexes. 
5.5.1. E x p e r i m e n t a l 
The c o n d i t i o n s used were t h e same as those d e s c r i b e d i n 
s e c t i o n 5.2.1. e x c e p t t h a t q u a n t i t i e s used were d i c o b a l t 
o c t a c a r b o n y l ( 0.3g, 0.9mmol ) and t r i p h e n y l p h o s p h i n e ( 0.24g, 
0.9mmol ). -
5.5.2. Discussion 
The i n f r a - r e d s p ectrum i n i t i a l l y showed peaks a t 1900(vs) ( 
b r o a d ), 2005(sh) and 2020(m) cm~\ On h e a t i n g these changed: The 
peak a t 1900 cm ^ becoming weaker and new peaks o c c u r r i n g a t 
1955(sh) and 1980 cm ^ These species p e r s i s t e d t h r o u g h o u t t h e 
remainder of t h e experiment. 
I t was hoped t h a t t h e h y d r i d e species HCo(C0)2L would be 
e v i d e n t i n t h i s system as t h i s system i s f a r le s s r e a c t i v e t h a n 
t h e l i g a n d f r e e c a r b o n y l complex. Carbonyl s t r e t c h i n g a b s o r p t i o n s 
f o r HCoCCOgCPPhg) a r e r e p o r t e d a t 2050(mw), 1970(vs) and 1935(w) 
cm~^ ( 4a ) and we as s i g n t h e peaks a t 1980(s) and 1955(w,sh) 
cm ^ t o t h i s complex. The i n i t i a l complex p r e s e n t i n s o l u t i o n i s 
Co(C0)2(PPh2)2^Co(C0)^~ which g i v e s peaks a t 1900(vs) and 2000 
cm \ On h e a t i n g , t h i s complex i s c o n v e r t e d i n t h e r e a c t i o n 
p o s s i b l y t o HCoCCOgCPPhg) though t h i s may occu r v i a 
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CCo(C0)2(PPhg)]2 ( peaks a t 1960(m), 1950(m) and 1902(w) cm~\ 
t h e t h e r m o l y s i s p r o d u c t of Co(C0)2(PPh2)2^Co(C0)^~ and a complex 
which Will g e n e r a l l y s e p a r a t e from s o l u t i o n . Another p o s s i b l e b u t 
u n l i k e l y i n t e r m e d i a t e i s Co2(C0).j,(PPh2) peaks r e p o r t e d a t 
2079(s), 2028(s), 2010(sh), 1996(m) and 1964(m) cm~^ ( 4b ). The 
d a t a o b t a i n e d showed no i n d i c a t i o n of e i t h e r of these species 
being p r e s e n t i n t h e r e a c t i o n m i x t u r e . 
Conclusion 
I n f r a - r e d s t u d i e s of t h e high p r e s s u r e c a r b o n y l a t i o n 
r e a c t i o n r e v e a l e d t h a t b e f o r e t h e s t a n d a r d r e a c t i o n t e m p e r a t u r e 
has been reached, a s i g n i f i c a n t p r o p o r t i o n of d i c o b a l t o c t a -
c a r b o n y l has been c o n v e r t e d i n t o Co(CO)^ . For systems i n which 
t h e c o b a l t species was i n i t i a l l y p r e s e n t as t h e PPNCo(CO)^ s a l t 
no o t h e r c a r b o n y l species c o u l d be d e t e c t e d t h r o u g h o u t the 
experiment. These r e s u l t s s u p p o r t t h e lower r e a c t i o n r a t e found 
f o r t h ese systems; as i n t h e f a s t e r r e a c t i o n i n v o l v i n g d i c o b a l t 
o c t a c a r b o n y l as c a t a l y s t p r e c u r s o r t h e r e i s evidence f o r t h e a c y l 
species. This i s p a r t i c u l a r l y e v i d e n t f o r r e a c t i o n s w i t h added 
molecular hydrogen. In none of these systems was any evidence 
f o u n d f o r t h e e x i s t a n c e of t h e HCo(CO)^ complex i n s o l u t i o n . 
However i n systems w i t h added t r i p h e n y l p h o s p h i n e evidence was 
fou n d f o r t h e HCoCCO^PPh^ species, t h i s i s presumably due t o t h e 
low r e a c t i v i t y o f t h i s complex compared t o t h e HCo(CO)^ species 
t o w a r d s base a b s t r a c t i o n of t h e p r o t o n . But may also r e f l e c t t h e 
g e n e r a l l y lower c a t a l y t i c a c t i v i t y o f phosphine complexes. 
Discussion of t h e a l k o x y c a r b o n y l a t i o n r e a c t i o n 
The g e n e r a l mechanism f o r t h e a l k o x y c a r b o n y l a t i o n of 
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alkenes i s t h o u g h t t o be s i m i l a r t o t h e h y d r o f o r m y l a t i o n 
mechanism proposed by Heck ( 6 ). This r e a c t i o n has r e c e i v e d much 
a t t e n t i o n i n t h e p a s t decades ( 8 ) and t h e most s a t i s f a c t o r y 
scheme i s shown below:-
1/ CO^(CO)Q + > 2HCo(C0)^ 
2/ HCo(CO)^ ^ HCoCCO)^ + CO 
HCo(CO)^ + CH^=CH^ ' HCo(CO)„ ^ CH^CH^Co(CO)^ 3 2 Z - ^ 3 3 2 3 
CH2=CH2 
3/ CHgCH^CoCCOg + CO ^ i = ^ CHgCH^CoCCO)^^ ^ CH3CH2C0Co(C0)3 
4/ CH3CH2C0Co(C0)2 + CO . CH2CH2C0Co(C0)^ 
^ CH^CH^CHO + Co,(C0)„ 
HCo(CO) " " ' ^ ^ ^ ^ ' 
5/ cH^cH^coco ( co ) . rCZI 
^ ^ ^ H_ 
CH2CH2CHO + HCoCCO)^ 
The m o d i f i c a t i o n s t o t h i s scheme r e q u i r e d f o r t h e a l k o x y -
c a r b o n y l a t i o n r e a c t i o n a r e t o s t e p s 1 and 5, these are:-
I V Co2(C0)g + [H] ^  HCo(CO)^ 
5 V CH2CH2C0Co(C0)^ + ROH >CH3CH2C00R + HCo(CO)^ 
In t h e f o l l o w i n g d i s c u s s i o n each of these s t e p s w i l l be 
co n s i d e r e d c r i t i c a l l y as t o i t s importance t o t h e a l k o x y -
c a r b o n y l a t i o n r e a c t i o n ; comparisons being made t o some o t h e r 
known c a t a l y t i c systems. This d i s c u s s i o n w i l l be fol l o w e d by 
c o n s i d e r a t i o n of a l t e r n a t i v e mechanisms and t h e mechanisms 
l e a d i n g t o b y - p r o d u c t f o r m a t i o n . 
S t e p 1 Forma t i o n of h y d r i d o t e t r a c a r b o n y l c o b a l t (I) 
Al t h o u g h t h e f o r m a t i o n of h y d r i d o t e t r a c a r b o n y l c o b a l t (I) 
has been we l l documented f o r systems i n v o l v i n g mixed carbon 
monoxide/hydrogen atmospheres ( 9 ), i t s f o r m a t i o n i n t h e absence 94 
o f molecular hydrogen i s not well u n derstood. I t i s r e p o r t e d i n 
th e l i t e r a t u r e t h a t a m i x t u r e of d i c o b a l t o c t a c a r b o n y l and 
ammonia w i l l p roduce h y d r i d o t e t r a c a r b o n y l c o b a l t (I) ( 10 ). In 
t h e p r e s e n t system t h r e e main p o s s i b i l i t i e s e x i s t f o r t h e source 
of hydrogen; these a r e t h e a l c o h o l , w a t e r i m p u r i t i e s and 
molecular hydrogen i m p u r i t i e s . Each of these sources w i l l be 
d i s c u s s e d i n t u r n . 
The f i r s t p o s s i b l e hydrogen donor i s t h e alcohol s o l v e n t 
which may r e a c t w i t h a c o b a l t species t o produce t h e h y d r i d o 
complex. The s t u d y of t h e p o s s i b l e i n t e r a c t i o n between methanol 
and d i c o b a l t o c t a c a r b o n y l i s c o m p l i c a t e d by t h e f a c i l e d i s -
p r o p o r t i o n a t i o n of t h e d i c o b a l t o c t a c a r b o n y l by Lewis bases such 
as methanol ( 11 ):-
3Co2(C0)g + 12He0H > 2Co(He0H)g^'*' + 4Co(C0)^~ + 8C0 
The d e t e c t i o n of t h e d i s p r o p o r t i o n a t i o n complex anion suggests 
t h a t t h i s may be i n v o l v e d d i r e c t l y i n t h e r e a c t i o n . One mechanism 
which c o u l d i n c l u d e t h i s complex i s hydrogen a b s t r a c t i o n from an 
al c o h o l molecule i n t h e c o - o r d i n a t i o n sphere of t h e c o b a l t (II) 
ion. C o - o r d i n a t i o n of an a l c o h o l t o a metal c e n t r e p o l a r i s e s t h e 
oxygen-hydrogen bond, t h u s making t h e hydrogen more a c i d i c and 
hence e a s i e r t o a b s t r a c t . This oxygen-hydrogen bond a c t i v a t i o n 
has been q u a n t i f i e d by d e t e r m i n a t i o n of t h e pK values f o r co-
o r d i n a t e d w a t e r molecules t o v a r i o u s t r a n s i t i o n metals ( 7 ). 
Ge n e r a l l y t h e more p o s i t i v e l y charged t h e ion t h e g r e a t e r t h e 
a c t i v a t i o n . 
(He0H)t-Co<-:0 „^ 5 \ ^ S + 
2+ r -1+ + ^ (HeOH)gCoOHe ^ + H 
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The hydrogen ion t h u s g e n e r a t e d c o u l d then i n t e r a c t w i t h t h e 
t e t r a c a r b o n y l c o b a l t a t e (-1) ion t o g i v e t h e h y d r i d o species and 
hence i n i t i a t e t h e c a t a l y t i c c y c l e . However, o u r s t u d i e s have 
i n d i c a t e d t h a t t h e t e t r a c a r b o n y l c o b a l t a t e (-1) ion i s not an 
a c t i v e c a t a l y s t . As t h e presence o f t r i p o s i t i v e ions, which 
shoul d be more e f f e c t i v e i n t h i s a c t i v a t i o n process, do not 
i n c r e a s e t h e a c t i v i t y . Thus t h i s process i s t h o u g h t t o be of 
l i t t l e i m p o r t a n c e i n t h i s r e a c t i o n . 
A second method f o r t h e p r o d u c t i o n of t h e h y d r i d o 
t e t r a c a r b o n y l c o b a l t (I) species from methanol was proposed by 
E r c o l i and i n v o l v e s t h e d i r e c t r e a c t i o n between t h e methanol and 
a c o b a l t species ( 12 ):-
i.e. Co2(C0).^ + HeOH ^ HCo(CO)^ + HeOCoCCO)^ 
The t e r m i n a t i o n s t e p was then envisaged t o be:-
CH2CH2C0Co(C0)2 + HeOCoCCO)^ > CH3CH2C00He + l/2Co^(C0)^2 
E r c o l i a l s o p o s t u l a t e d t h a t t h e slow s t e p i n t h e r e a c t i o n i s t h e 
cle a v a g e of t h e hydrogen donor. In our s t u d y we have found no 
d i r e c t evidence f o r t h e e x i s t a n c e of HeOCoCCO)^ in t h e i n f r a - r e d 
s t u d i e s , a l s o i t i s d i f f i c u l t t o e x p l a i n t h e e f f e c t of bases such 
as p y r i d i n e u s i n g t h i s r e a c t i o n scheme. Although t h i s mechanism 
cannot be r u l e d o u t i t i s t h o u g h t t o be u n l i k e l y . 
A second p o s s i b l e hydrogen source i s from water i m p u r i t i e s 
i n t h e system e i t h e r from t h e s o l v e n t , i n t h e gasses used or on 
t h e r e a c t o r s u r f a c e s . I m p u r i t i e s of w a t e r c o u l d a c t i n t h e same 
way as methanol i n t h e above d i s c u s s i o n or v i a t h e wate r gas 
s h i f t r e a c t i o n : -
CO + H2O ^ CO2 + H2 
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A l t h o u g h c o b a l t i s known t o c a t a l y s e t h i s r e a c t i o n t h e 
c o n d i t i o n s employed a r e q u i t e severe i.e. 250 Bar and 350-400°C ( 
13 ). S t u d i e s of homogeneous h y d r o f o r m y l a t i o n using water as t h e 
hydrogen source have made no mention of c a t a l y t i c a c t i v i t y f o r 
d i c o b a l t o c t a c a r b o n y l ( 14 ) a l t h o u g h c a t a l y t i c a c t i v i t y i s found 
f o r many of t h e o t h e r commonly used t r a n s i t i o n metals i.e. Fe, 
Ni, Rh e t c . I t i s i n t e r e s t i n g t o note t h a t i r o n based systems are 
more a c t i v e i n t h e presence of w a t e r t h a n w i t h molecular hydrogen 
as t h e source of hydrogen f o r h y d r o f o r m y l a t i o n ( 15 ). In t h e 
equipment used f o r these r e p o r t e d s t u d i e s t h e r e i s exposure of 
t h e r e a c t a n t s t o i r o n and o t h e r metals p r e s e n t i n t h e r e a c t o r 
w a l l s etc., and t h e i r involvement as w a t e r gas s h i f t r e a c t i o n 
c a t a l y s t s cannot be r u l e d o u t . S t u d i e s of h y d r o x y c a r b o n y l a t i o n 
u s i n g i r o n based c a t a l y s t s have shown poor a c t i v i t y ( 15 ); 
however since i r o n i s an a c t i v e h y d r o f o r m y l a t i o n c a t a l y s t w i t h 
w a t e r as t h e hydrogen source, then i t seems l i k e l y t h a t i n t h e 
h y d r o x y c a r b o n y l a t i o n r e a c t i o n t h a t t h e low a c t i v i t y of i r o n 
complexes must be due t o slow f o r m a t i o n of, or slow r e a c t i o n of, 
e i t h e r a c y l or a l k y l i r o n complexes. Hence i t i s p o s s i b l e i n our 
system t h a t i r o n , say, a c t s as a hydrogen source v i a t h e w a t e r 
gas s h i f t r e a c t i o n and t h e c o b a l t species p e r f o r m s t h e remainder 
of t h e r e a c t i o n i n p r e f e r e n c e t o i r o n based species. 
The t h i r d p o s s i b l e s o u r c e o f hydrogen i s hydrogen 
i m p u r i t i e s i n t h e c a r b o n monoxide, t h i s w i l l r e a c t d i r e c t l y w i t h 
any d i c o b a l t o c t a c a r b o n y l t o g i v e t h e h y d r i d o t e t r a c a r b o n y l 
c o b a l t (I) species. The c a r b o n monoxide used i s not t o t a l l y 
h ydrogen f r e e and c o n t a i n s t y p i c a l l y 300vpm of hydrogen. Under 
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t h e c o n d i t i o n s used i n t h i s work t h i s l e v e l of i m p u r i t y w i l l g i v e 
a c o b a l t t o hydrogen molar r a t i o of 2:1. The e f f e c t of added 
molecular hydrogen on t h e r a t e of r e a c t i o n i s q u i t e s i g n i f i c a n t , 
a c o n s i d e r a b l e i n c r e a s e i n r e a c t i o n r a t e was found when even 
small amounts of hydrogen a r e added ( 16 ). The only c o m p l i c a t i o n 
W i t h p o s t u l a t i n g d i r e c t r e a c t i o n between d i c o b a l t o c t a c a r b o n y l 
and molecular hydrogen i s t h a t i t r e l i e s on t h e r e being d i c o b a l t 
o c t a c a r b o n y l p r e s e n t t o r e a c t . In t h e r e a c t i o n media t h e only 
o b s e r v a b l e c o b a l t species b e f o r e r e a c t i o n begins i s t h e 
2+ 
d i s s o c i a t i o n complex CCoLgl [Co(CO)^ l^- The d i s p r o p o r t i o n a t i o n 
r e a c t i o n has been claimed t o be r e v e r s i b l e ( 17 ) such t h a t under 
r e a c t i o n c o n d i t i o n s small q u a n t i t i e s of d i c o b a l t o c t a c a r b o n y l may 
be formed:-
3Co^(C0)„ V ' 2Co(HeOH)^^"*" + 4Co(C0).~ + SCO 
Z o b 4 
This r e v e r s a b i l i t y may also e x p l a i n why t h e r e i s an increase i n 
c a t a l y t i c a c t i v i t y f o r PPNCo(CO)^ when a c o b a l t (II) c o u n t e r ion 
i s added t o t h e system. However t h e e x a c t n a t u r e of t h e 
i n i t i a t i o n r e a c t i o n cannot be c o n c l u s i v e l y a s c r i b e d t o any one 
e x p l a n a t i o n b u t i t seems l i k e l y t h a t any hydrogen p r e s e n t w i l l be 
used t o form t h e h y d r i d o c o b a l t species. 
Step 2 Reaction of h y d r i d o t e t r a c a r b o n y l c o b a l t a t e (I) 
With an alkene 
A l t h o u g h no evidence was found i n t h e i n f r a - r e d s t u d i e s f o r 
t h e e x i s t a n c e of t h e h y d r i d o species i t may only be p r e s e n t i n 
small q u a n t i t i e s and hence n o t d e t e c t a b l e i n t h e f r e e s t a t e . In a 
s i m i l a r i n f r a - r e d s t u d y by Whyman using o c t - l - e n e , no evidence 
f o r t h e presence of t h e h y d r i d o t e t r a c a r b o n y l c o b a l t a t e was given 
98 
( 1 ), aga i n presumably because t h i s species i s p r e s e n t only in 
v e r y low q u a n t i t i e s i n t h e f r e e s t a t e . In t h e a l k o x y c a r b o n y l a t i o n 
r e a c t i o n a f u r t h e r c o m p l i c a t i o n e x i s t s , namely r e a c t i o n of t h e 
h y d r i d o t e t r a c a r b o n y l c o b a l t a t e (I) species w i t h the methanol 
s o l v e n t . As t h e a l c o h o l i s weakly basic and t h e metal h y d r i d e i s 
s u f f i c i e n t l y a c i d i c t o be as s t r o n g an a c i d as hydrogen c h l o r i d e 
in methanol ( 18 ); th e n t h e f o l l o w i n g e q u i l i b r i u m w i l l l i e well 
t o t h e r i g h t : -
HeOH + HCo(CO). , ^ HeOH^"^ + Co(CO) ~ 4 2 4 
N a t t a s u g g e s t e d t h a t g i v e n t h e p o l a r r e a c t i o n media an io n i c 
mechanism might be i n v o l v e d ( 19 ). This would i n v o l v e 
p r o t o n a t i o n of t h e o l e f i n f o l l o w e d by i n t e r a c t i o n of t h e 
c a r b o c a t i o n w i t h t h e t e t r a c a r b o n y l c o b a l t a t e (-1) ion t o give an 
a c y l - l i k e complex and f i n a l l y an e s t e r : -
HCo(CO)^ V H"^  + Co(CO) ~ 4 4 
ECH=CH2 + H"*" V RCH2CH2"*' 
RCH2CH2"^ + Co(CO)^" ^ CRCH2CH2 [0000(00)3]] 
CRCH2CH2 CCGCoCCO)^]] > RCH2CH2C0Co(C0)2 
RCH2CH2C0Co(C0)3 + CO > RCH2CH2C0'^ + Co(CO)^" 
RCH2CH2C0"^ + R'OH ^ RCH2CH2COOR' 
The main d i s a d v a n t a g e i n a p p l y i n g t h i s t o t a l l y i o n i c i n t e r a c t i o n 
i s t h a t t h e i n i t i a l p r o t o n a t i o n s t e p w i l l t e n d t o ge n e r a t e 
t e r t i a r y and secondary c a r b o c a t i o n s , i n p r e f e r e n c e t o p r i m a r y 
c a r b o c a t i o n s . This would t e n d t o g i v e more branched p r o d u c t s 
t h a n l i n e a r s u b s t i t u t i o n which i s not t h e observed t r e n d . One can 
r e c o n c i l e t h i s c o n f l i c t i f one p o s t u l a t e s t h a t t h e i n t e r a c t i o n , 
between t h e p r i m a r y c a r b o c a t i o n and t h e Co(CO)^ ion, i s 
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p r e f e r r e d on s t e r i c grounds and t h u s t h i s c a r b o c a t i o n w i l l r e a c t 
p r e f e r e n t i a l l y . Even i f t h i s p o s t u l a t i o n i s v a l i d i t i s d i f f i c u l t 
t o see how one c o u l d g e n e r a t e the degree of i s o m e r i s a t i o n o f t h e 
o r i g i n a l alkene o b s e r v e d i n these r e a c t i o n s i n a n a l y s i s by 
c a p i l l a r y column g.l.c. of t h e hex-l-ene systems. Thus i t i s f e l t 
t h a t t h i s mechanism i s u n l i k e l y t o be of major importance. 
The r e a c t i o n shown i n s t e p 2 i n v o l v e s t h e a d d i t i o n of t h e 
alkene t o an u n s a t u r a t e d h y d r i d o species t o g i v e a TC-complex; 
t h i s then r e a r r a n g e s v i a an i n s e r t i o n r e a c t i o n t o gi v e the a l k y l 
complex. In our i n f r a - r e d s t u d i e s no evidence was found f o r 
e i t h e r of these species; however t h i s i s not s u r p r i s i n g as these 
complexes a r e not v e r y s t a b l e and a r e s h o r t l i v e d . Generally t h e 
only s t a b l e a l k y l complexes have p e r f l u o r i n a t e d a l k y l groups, 
owing t h e i r s t a b i l i t y t o t h e e l e c t r o n e g a t i v e n a t u r e o f t h e 
p e r f l u o r o a l k y l g r o u p and t h e f a c t t h a t ^ - e l i m i n a t i o n cannot 
occur. 
CF3CF2Co(C0)^ • ^ > CF2=CF2 + FCo(CO)^ 
The ^ - e l i m i n a t i o n r e a c t i o n can also be used t o e x p l a i n the l a r g e 
degree of i s o m e r i s a t i o n of t h e s t a r t i n g alkene found i n these 
systems, by p o s t u l a t i n g s uccessive a d d i t i o n / e l i m i n a t i o n of t h e 
h y d r i d o t e t r a c a r b o n y l c o b a l t (I) species. 
RCH2CH=CH2 + HCo(CO)^ > RCH2CHCH3 
Co(CO)^ 
RCH2CHCH3 > RCH=CHCH3 + HCo(CO)^ 
Co(CO)^ 4 
This however cannot be the complete e x p l a n a t i o n i n the case 
of t h e h y d r o f o r m y l a t i o n r e a c t i o n , as alkene i s o m e r i s a t i o n i s 
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found even when the pressures of carbon monoxide used suppress 
t h i s process. This has been explained by p o s t u l a t i n g t h a t 
isomerisation occurs in the i n i t i a l Tt-complex ( 20 ). Even 
though the pressures used in our study were in the same region as 
in the above published work, the high temperatures used make 
isomerisation by addition /elimination possible in the alkoxy-
carbonylation reaction. 
Steps 3 and 4 Conversion of the a l k y l cobalt species to the 
acyl cobalt species 
Conversion of the a l k y l cobalt t e t r a c a r b o n y l species is 
known to be a f a c i l e reaction and forms the basis of many 
sy n t h e t i c routes t o acyl cobalt t e t r a c a r b o n y l species ( 21 ). Our 
i n f r a - r e d spectroscopic studies have revealed the presence of 
acyl t e t r a c a r b o n y l cobalt (I) species in the alkoxycarbonylation 
reaction using d i c o b a l t octacarbonyl based c a t a l y s t s . Conversion 
of the a l k y l compound to the acyl cobalt complex was found to be 
rapid, such t h a t no carbonyl s t r e t c h i n g frequency bands were 
observed which could be assigned to the a l k y l species. Alkyl 
t e t r a c a r b o n y l c o b a l t a t e (-1) species are only stable a t low 
temperatures and r a p i d l y react above -35°C. 
Step 5 Alcoholysis of the acyl t e t r a c a r b o n y l cobalt (-1) 
complex 
The f i n a l step in the reaction involves reaction of the 
acyl t e t r a c a r b o n y l c o b a l t a t e (-1) species with an alcohol to give 
the ester product and regenerate the hydrido t e t r a c a r b o n y l cobalt 
(I) complex. This presumably occurs via nucleophilic a t t a c k by 
















The observation of the existance of the acyl-cobalt complex in 
the reaction by i n f r a - r e d spectroscopy would suggest t h a t t h i s 
alcoholysis is a r e l a t i v e l y slow step, and may in f a c t be ra t e 
l i m i t i n g . The acyl t e t r a c a r b o n y l cobalt group is a r e l a t i v e l y 
bulky group and thus may make the nucleophilic attack of the 
alcohol d i f f i c u l t . This e f f e c t should be more prominent f o r the 
i n t e r n a l l y s u b s t i t u t e d esters ( i.e. R,R' = a l k y l ). However the 
observed degree of branching would tend t o suggest t h a t t h i s 
e f f e c t is not very important; as the s e l e c t i v i t y toward linear 
s u b s t i t u t i o n , in the case of hex-l-ene, was not p a r t i c u l a r l y 
high. A Sig n i f i c a n t degree of s t e r i c hindrance should produce 
large amounts of the linear isomer and only r e l a t i v e l y low 
qu a n t i t i e s of branched isomers, t h i s however is not the case. The 
t e t r a c a r b o n y l c o b a l t a t e (-1) ion is also a r e l a t i v e l y weak 
nucleophile and is a stable species and thus should function as a 
good leaving group. This group may, however, act as an electron 
donor and thus reduce the nuc l e o p h i l i c i t y of the carbonyl group 
by e f f e c t i n g the electron withdrawing e f f e c t of the oxygen atom 
of the carbonyl group. 
The e f f e c t of added nitrogen bases such as pyridine on the 
reaction can be explained i f t h i s alcoholysis step is a slow 
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stage in the reaction. These bases react with acyl compounds to 
form pyridinium complexes which are more susceptible to 
nucleophilic a t t a c k due t o the posi t i v e charge on the nitrogen. 
^0 
RR'COCo(CO). + py ^ RR'C + + Co(CO)^ 
RR'C + R"OH > RR'C + H + py 
^NC^H^ O^R" 
The greater s e l e c t i v i t y towards formation of the n-substituted 
product when pyridine i s used, can be explained by the s t e r i c 
hindrance caused by the bulk of t h i s base. The pyridine base wil l 
be less l i k e l y t o form the pyridinium complex f o r i n t e r n a l l y 
s u b s t i t u t e d a c y l - c o b a l t complexes, and the pyridinium complex 
formed should be s t e r i c a l l y less r e a d i l y attacked by 
nucleophiles. Although organic acyl pyridiniura complexes are 
known, no evidence was found f o r the existance of these species; 
however; they are presumably r e l a t i v e l y unstable as re f l e c t e d by 
the increase in reaction r a t e . 
The p o s t u l a t i o n t h a t alcoholysis of the acyl-cobalt species 
is a slow step is also supported by the observed order of the 
reaction with respect t o methanol ( 22 ). I f the f i n a l step is 
r a t e l i m i t i n g then a f i r s t order reaction, with respect t o 
methanol, would be expected. This is in f a c t the observed r e s u l t . 
Also on the addition of pyridine t o the system the order of the 
reaction, with respect t o the alkene, changes from being 
approximately zero order t o being f i r s t order. This can be 
explained i f one postulates t h a t the reaction between the alkene 
and the hydrido-cobalt species becomes the r a t e l i m i t i n g step in 
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the presence of these bases. 
A l t e r n a t i v e mechanisms 
There are few a l t e r n a t i v e mechanisms t h a t can be envisaged 
for t h i s reaction; however a number have been postulated. The 
f i r s t is an ionic mechanism proposed by Natta ( 19 ), t h i s 
involves protonation of the alkene by hydrogen ions followed by 
i n t e r a c t i o n with the t e t r a c a r b o n y l c o b a l t a t e (-1) ion. The a c y l -
cobalt complex thus generated would react in a similar way to the 
scheme proposed above. This mechanism was discussed in step 2 and 
is thought t o be an unlikely a l t e r n a t i v e . 
Evidence f o r the a d d i t i o n of the HeCOCo(CO)^ complex to the 
alkene as opposed t o the generally excepted HCo(CO)^ complex has 
been published by Hil s t e i n ( 23 ). Their reaction scheme i s : -
Co2(C0)g + py > CCo(CO)^py]^CCo(CG)^rp=:± Co(py)g[Co(C0)^]2 
Co2(C0)^py^ + HeOH > HeOCOCoCCO)^ + pyH"^ 
MeOCOCoCCO)^ + CH2=CH-CH=CH2 > - " ^ ^ f ^ ^ ^ ^ ^ - " ^ ^ COO He 
COOHe + pyHCo(CO). > CH^CH=CH-CH^COOHe + Co^(CO) 
Co(CO)^ 4 J ^ ^ ( 
^ + py 
However i f t h i s type of mechanism was applied to monoalkenes then 
intermediate (I) would become:-
CH2CH2CHCH2C00He 
CoCCO)^ 
This would not undergo the same termination reaction as detailed 
above and would instead be expected t o generate an acyl species 
or eliminate the metal hydride. The l a t t e r case would give, 
u nsaturated ester s and the former would generate a 1,2 




The main by-products observed in t h i s reaction were 
acetals, formed by reaction of the methanol solvent with 
aldehydes. However a number of possible side reactions e x i s t 
which are outlined below:-
1. 2R0H > ROR + H2O 
> RCH=CH2 + H^ O 
> CH3COCH3 + H2 
2. RCH^CH 2OH 
3. CH2CH(0H)CHg 
4. H^ O + CO 
5. RR'C=CRR' ^ "2 
6. RR'C=CRR' + "2 ' 
7. 2RR'C=CRR' + "2 ' 
8. RR'C=CRR' + R"OH 
9. ROH + CO 
> CO2 + H^ 
> RR'CHCHRR' 
CO > RR'CHRR'CCHO 
CO ^ RR'CHCRR'COCRR'CHRR' 
> RR'CHRR'COR" 
^ RCOOH 
These reactions may be subdivided i n t o two main groups, 
t h a t is reactions involving the alcohol and those involving the 
alkene. The reactions involving the alcohol ( 1-3,9 ) wi l l be 
discussed f i r s t . Of these reactions only reactions 1 and 9 are 
applicable t o methanol, and indicates the main reason f o r the 
choice of t h i s alcohol as co-reactant. In experiments carried out 
using other alcohols as co-reactants, the yields were noticeably 
reduced. In the case of t-b u t a n o l reduction in yield was quite 
s i g n i f i c a n t , presumably because of these side reactions. In the 
case of methanol the product from reaction 1 would be 
dimethylether, a gas a t room temperature ( bp. -25°C ) and may 
have been l o s t on depressurisation of the reaction mixture. In 
general the g.l.c. showed l i t t l e evidence f o r products derived 
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general the g.l.c. showed l i t t l e evidence f o r products derived 
from methanol except iodine, methyl iodide and potassium iodide 
promoted reactions. In these systems reaction 9 is more 
favourable than in the halide free reactions; which generally 
re q u i r e higher temperatures and pressures f o r carbonylation of 
methanol t o occur. Thus compounds derived from methanol were 
observed in the g.l.c. but were not characterised. In these 
systems the reaction scheme could be:-
HeOH + r > Hel + 0H~ 
Hel + Co(C0).~ > HeCo(CO)^ + l " 
4 4 
MeCo(CO). + CO > MeCOCo(CO)^ 
4 4 
MeCOCo(CO). + HeOH > HeCOOHe + HCo(CO)^ 
4 4 
HeCOCo(CO). + 0H~ > HeCOOH + Co(CO)." 
4 4 
In the case of alkene derived products the only by-product 
i d e n t i f i e d in reasonable q u a n t i t i e s , was acetal formed from 
rea c t i o n of an aldehyde with the solvent. The aldehydes are 
formed by reaction 6. in the above l i s t . However i t is f e l t t h a t 
the hydrogen source is unlikely to be molecular hydrogen as 
indicated. As mentioned e a r l i e r molecular hydrogen has a dramatic 
e f f e c t on the r a t e of reaction and s i g n i f i c a n t q u a n t i t i e s of 
hydrogen were not present in the system. The other possible 
source of hydrogen is the hydrido-cobalt complex believed to be 
involved in the alkoxycarbonylation reaction. 
i.e. Co(CO).COR + HCo(CO). • > SCHO + Co^(CO)„ 
4 4 2 7 
Reduction by molecular hydrogen is believed t o occur whist the 
organic group is attached t o the cobalt centre:-
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0 p 
l( RC-Co(CO)^ 7 Rd-CoCCO)^ + CO 
0 OH 
I ^ 1/ / 
H^ + RC-Co(CO)^ ^ ^ RC-Co(CO)^ 
OH H 
RC-Co(CO)^ > RCHO + HCo(CO)^ 
H 
In the homologation of methanol to ethanol the l a t t e r hydrogen 
based reduction is thought t o be a more l i k e l y reaction mechanism 
due t o the lack of any d i r e c t evidence f o r the existance of 
hydrido-cobalt species. In the present system these hydrido-
cobalt species were again not observed in the reaction mixture by 
i n f r a - r e d spectroscopy. However t h i s is not surp r i s i n g due to the 
basic nature of the methanol solvent and the high a c i d i t y of the 
hydrido-cobalt complex. + i.e. HCo(CO). + HeOH > Co(CO). + HeOH 
Thus t h i s equilibrium w i l l l i e well to the r i g h t . Hence at any 
one time there may only be small q u a n t i t i e s of the hydrido-cobalt 
species in the reaction mixture and thus not be detectable by 
i n f r a - r e d spectroscopy. For reduction t o involve molecular 
hydrogen then the reaction must f i r s t generate molecular hydrogen 
as there are only t r a c e q u a n t i t i e s introduced as an impurity into 
the reaction mixture t o s t a r t with. Both the hydride and 
molecular hydrogen processes thus seem to be unlikely due to the 
small q u a n t i t i e s of these reagents present in the reaction, of 
the two i t i s thought t h a t the hydrogen route i s less l i k e l y . 
The a l t e r n a t i v e t o these two processes not considered so 
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f a r is the d i r e c t production of the acetals without formation of 
the aldehyde. I t i s , however, d i f f i c u l t to envisage any mechanism 




The mechanism generally believed t o operate alkoxy-
carbonylation reactions implicates HCo(CO)^ as the key species in 
i n i t i a t i n g the c a t a l y t i c process, by reacting with the alkene to 
form a metal-alkyl. The r e s t of the mechanistic schemes parallels 
the hydroformylation r e a c t i o n catalysed by cobalt species. 
1. CH2=CH2 + HCo(CO)^ ^ ^ CH2CH2Co(C0)^ 
2. CO + CH,CH^Co(CO). ^ ^ CH^CH^COCo(CO)^ 
3 2 4 ^ 3 2 4 
3 HeOH + CHgCH^COCoCCO)^ > CH3CH2C00He + HCo(CO)^ 
Although the reaction is shown to be composed of three 
major steps, some of these stages may a c t u a l l y involve a sequence 
of Simpler reactions involving the production of co-ordinatively 
unsaturated cobalt complexes. For example, step 2. could be 
considered as occurring in two stages:-
i.e. CH3CH2Co(C0)^ ^ ^ CH3CH2C0Co(C0)3 
CO + CH3CH2C0Co(C0)3 ^ ^ CH3CH2C0Co(C0)^ 
Together with the above c a t a l y t i c scheme there are two 
major complicating side reactions, (i) the disproportionation 
reaction of dic o b a l t octacarbonyl to form Co(CO)^ (ii) the 
protonation of methanol by hydrido t e t r a c a r b o n y l cobaltate. 
(i) 3CO2(C0)Q + 1 2 H e O H ^ 2Co(HeOH)g^'^ + 4Co(C0)^" + 8C0 
(i i ) HCo(CO)^ + HeOH . ^ Co(CO).~ + MeOH^^ 
4 4 2 
Our studies have shown t h a t the t e t r a c a r b o n y l cobaltate (-1) ion 
to be a poor c a t a l y s t and as such these reactions serve only to 
remove cobalt species from the c a t a l y t i c cycle. High pressure 
i n f r a - r e d studies on the reaction indicated t h a t the dominant 
cobalt species throughout the reaction was the t e t r a c a r b o n y l 
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c o b a l t a t e (-1) ion, and no HCo(CO)^ or Co2(C0)g were detected 
except in the very ear l y stages of the reaction. This i s in 
co n t r a s t t o studies on the hydroformylation reaction ( 1 ) which 
indicated the presence of both of these species a t some stage in 
the reaction. 
Although the Co(CO)^ ion, with PPN^ counter ion, is a poor 
c a t a l y s t , the a c t i v i t y of t h i s species can be increased by the 
addition of a cobalt (II) s a l t ( such as anhydrous cobalt (II) 
acetate ). This a c t i v a t i o n of the Co(CO). ion was found to be 
4 
specific t o the cobalt (II) counter ion, other counter ions such 
as iron ( I I I ) , chromium (III) and sodium were found to be 
i n e f f e c t i v e . This rules out a c t i v a t i o n of the alcohol towards 
hydrogen a b s t r a c t i o n , by co-ordination t o the positive metal 
centre, as the mode of action f o r the cobalt (II) counter ion. 
-1 2+ 
One can explain the increased a c t i v i t y of a Co /Co mixture i f 
the d i s p r o p o r t i o n a t i o n reaction is reversible, evidence f o r which 
has been given ( 17 ). -In such a s i t u a t i o n cobalt species may be 
generated which may not necessarily be the f u l l y co-ordinatively 
s a t u r a t e d d i c o b a l t octacarbonyl complex. I f one also postulates 
the involvement of cobalt carbonyl species other than the 
Co(C(D)^~ ion, possibly d i c o b a l t octacarbonyl, then t h i s w i l l 
explain why a mixture of cobalt (II) s a l t s and the Co(CO)^ ion 
is not as e f f e c t i v e a c a t a l y s t s as t h a t derived from dicobalt 
octacarbonyl. As the reverse of the dissociation reaction is 
believed t o be a slow reaction. 
The addition of trialkylphosphines or the addition of 
halide containing species e.g. Hel, KI, both have the e f f e c t of 
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reducing the reaction r a t e . In the case of the trialkylphosphines 
these ligands r e a c t with dicobalt octacarbonyl t o give cobalt 
carbonyl phophine complexes. This prevents the normal 
d i s p r o p o r t i o n a t i o n reaction but the complexes formed are too 
stable t o give any reasonable reaction rates. In the case of 
halide containing materials the reduced reaction r a t e may be 
a t t r i b u t a b l e t o two e f f e c t s , the f i r s t being the cat a l y s i s of the 
2-
di s p r o p o r t i o n a t i o n reaction t o give CoX^ and Co(CO)^ species. 
The second e f f e c t is the promotion of reactions involving 
carbonylation of the alcohol t o compounds not containing the 
alkene co-reactant i.e. synthesis of methylethanoate via the 
HeCOCo(CO)^ complex. 
I l l 
CHAPTER FIVE - REFERENCES 
1 R. Mhyman, J. Organomet. Chem., 66, C23 (1974). 
2 H. J. Mirbach, H. F. Hirbach, A. Saus, T. Nhu Phu, J. Amer. 
Chem. Soc, 103, 7590 (1981). 
3 G. Bor, Spectrochim Acta, 19, 2065 (1963). 
4a N. Alemdaroglu, J. Penninger, E. Oltag, Hontash Chem., 107, 
1153 (1976). Chem Abs 85: 131227g 
4b P. Szabo, L. Fekete, G. Bor, Z. Nagy-magos, L. Marko, J. 
Organomet. Chem., 12, 245 (1968). 
5 R. F. Heck, D. S. Breslow, J. Amer. Chem. Soc, 85, 2779 
(1963). 
6 R. F. Heck, D. S. Breslow, J. Amer. Chem. Soc, 83, 4023 
(1961). 
7 R. P. Houghton, "Hetal Complexes In Organic Chemistry", 
Cambridge University Press, 1979, pl07. 
8 J. Falbe, "Carbon Monoxide In Organic Synthesis", Springer 
Verlag, Berlin, 1970. 
9 F. Ungvary, L. Harko, J. Organomet. Chem., 20, 2779 (1963). 
10 W. Hieber, H. Schulten, Z. Anorg. Allgen. Chem., 232, 17 
(1973). 
11 I . Wender, H. W. Sternberg, H. Orchin, J. Amer. Chem. Soc, 
74., 1216 (1952). 
12 R. Er c o l i , M. Avanzi, G. H o r e t t i , Chim. Ind. (Milan), 37, 865 
(1955). Chem Abs 50: 93046b 
13 J. S. Campbell, P. Craven, P. U. Young, in "Catalyst 
Handbook", Wolfe S c i e n t i f i c , London, 1970, p97. 
14 R. M. Laine, J. Amer. Chem. Soc, ICQ. 6451 (1978). 
15 R. B. King, "Inorganic Compounds With Unusual Properties 11", 
American Chemical Society, 1979, pl21. 
16 A. Matsuda, Bull. Chem. Soc. Japan, 40, 135 (1967). 
17 A. Bortinger, P. Busse, H. Orchin, J. Catalysis, 52, 385 
(1978). 
18 W. Hieber, W. Hybel, Z. Elektrochem., 57, 235 (1953). 
19 G. Natta, P. Pino, E. Hantica, Gazz. Chim. I t a L , 80, 680 
112 
(1965). 
20 P. Pino, J. Organomet. Chem., 200, 223 (1980). 
21 R. F. Heck, D. S. Breslow, J. Amer. Chem. Soc, 84, 2499 
(1962). 
22 R. Ercoli, G. Signorini, E. Santambrogio, Chim. Ind. (Hilan), 
42, 587 (1960). Chem Abs 54: 23674g 
23 D. Hilst e i n , J. Amer. Chem. Soc, 104, 6150 (1982). 
113 
CHAPTER SIX 
AN EXAHINATION OF THE CARBONYLATION 
OF N-CHLOROAHINES 
6.1. I n t r o d u c t i o n t o the c a t a l y t i c synthesis of isocyanates 
and carbamoyl chlorides 
The work detailed in the next two chapters is concerned 
W i t h the c a t a l y t i c synthesis of isocyanates and carbamoyl 
chlorides as applied to f a t t y acid d e r i v a t i v e s . Isocyanates and 
carbamoyl chlorides i n many ways have similar chemical properties 
and i t is convenient to discuss then together, highlighting any 
Significant differences between the two. I n d u s t r i a l l y these 
materials are very important and find a wide range of use such as 
in the manufacture of urethane polymers and as amine or alcohol 
a c y l a t i n g agents in, f o r instance, the pesticide industry. There 
is only one widely used organic route to these classes of 
compounds and involves the use of a highly t o x i c gas, phosgene. 
The conditions f o r the reaction of an amine with phosgene have to 
be s t r i n g e n t l y c o n t r o l l e d t o avoid s i g n i f i c a n t by-product 
formation, which occurs because the phosgene, with two active 
chlorine atoms, can undertake d i s u b s t i t u t i o n t o form an urea:-
COCI2 RR'NH 
RR'NH > RR'NCOCl > RR'NCONRR' + HCl 
+ HCl d i s u b s t i t u t e d urea as 
unwanted by-product 
The surppression of by-product formation can be achieved by 
the use of low temperatures with an excess of phosgene present in 
the reaction mixture. The use of low temperatures ( i.e. 0°C or 
less ) favours the production of the k i n e t i c a l l y controlled 
product, which in t h i s system is the carbamoyl chloride. The 
thermodynamically p r e f e r r e d product i s the d i s u b s t i t u t e d urea. 
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The reaction i t s e l f is str o n g l y exothermic and thus e f f i c i e n t 
mixing is required t o avoid local hot spots. The presence of an 
excess of phosgene w i l l also aid the kineti c c o n t r o l of the 
reaction, but the disadvantage is the need t o remove phosgene 
from the reaction products. 
Another disadvantage with the process is the formation of 
hydrogen chloride, which w i l l r e a d i l y react with amine in the 
feed stock t o produce amine hydrochloride. This can lead t o up t o 
50% of the amine in the feed stock being converted to amine 
hydrochloride. As the carbamoyl chlorides of primary amines may 
undergo elimination of a f u r t h e r mole of hydrogen chloride, thus 
producing isocyanates, the production of amine hydrochloride may 
account f o r more than 50% of the amine input, complete conversion 
t o isocyanates r e q u i r i n g 67% of the feed amine to remove the 
hydrogen chloride formed. 
RNH2 + COCI2 RNHCOCl RNCO 2HC1 
The carbonylation of amines has received much a t t e n t i o n in 
recent years ( 1,2 ), many of the r e p o r t s being in the patent 
l i t e r a t u r e ( 3,4 ). A v a r i e t y of carbonylated products can arise 










Many of t h e processes occur s i m u l t a n e o u s l y l e a d i n g t o 
complex m i x t u r e s of p r o d u c t s . The mechanisms behind many of these 
t r a n s i t i o n metal c a t a l y s e d r e a c t i o n s a r e s i m i l a r and may i n v o l v e 
carbamoyl complexes formed by n u c l e o p h i l i c a t t a c k of an amine on 
a c o - o r d i n a t e d c a r b o n monoxide l i g a n d . 
Cm„] + RK'NH > m„-NHRR' 
T ,T 
0 CO 0 - / // 
m^-CO > m„-C > m C 
RR'NH NHRR' H NRR' 
0 
// 





RR'NCONRR' + Cm^ D + 
T r a n s i t i o n metal species c o n t a i n i n g n i c k e l and pall a d i u m 
a r e known t o c a t a l y s e many of t h e above r e a c t i o n s , t h e p r o d u c t s 
formed depending mainly on r e a c t i o n c o n d i t i o n s and on the t y p e of 
amine used. 
Forma t i o n of amides and ureas can be accomplished both 
c a t a l y t i c a l l y and s t o i c h i o m e t r i c a l l y , t h e c a t a l y s t s used being 
mainly based upon c a r b o n y l d e r i v a t i v e s of manganese, c o b a l t and 
n i c k e l . The c o n d i t i o n s r e q u i r e d a r e q u i t e severe, t y p i c a l l y 
t e m p e r a t u r e s i n t h e range 150 - 270°C and carbon monoxide 
p r e s s u r e s between 100 and 300 Bar being used ( 5 ). The p r o d u c t s 
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formed from these r e a c t i o n s depend upon the n a t u r e of the amine 
used; a r o m a t i c systems g i v e ureas as t h e sole or major p r o d u c t ( 
6 ), whereas a l i p h a t i c amines g i v e N-formyl d e r i v a t i v e s . In some 
cases double c a r b o n y l a t i o n i s observed t o g i v e oxamides f o r 
i n s t a n c e ( 7 )'•-
PdCl^, 20h 
^10"21^"2 ^ Cl0"2l"»^°^"^10"21 ^ C^o"21^"C°C°N"Clo"21 
100 Bar,180°C ( 13% ) ( 2 1 % ) 
The c a t a l y t i c f o r m a t i o n of i s o c y a n a t e s i s less e x t e n s i v e l y 
c o v e r e d i n t h e l i t e r a t u r e e x c e p t f o r one p a r t i c u l a r c l a s s , namely 
t h e a r o m a t i c i s o c y a n a t e s . The p r e p a r a t i o n of i s o c y a n a t e s from 
a r o m a t i c n i t r o compounds has l e d t o a l a r g e number of p a t e n t s as 
these m a t e r i a l s , e s p e c i a l l y t o l u e n e d i - i s o c y a n a t e a r e 
i n d u s t r i a l l y v e r y i m p o r t a n t ( 8 ). The process i n v o l v e d r e q u i r e s 
t e m p e r a t u r e s of 200°C and p r e s s u r e s of 300 Bar. The mechanism i s 
t h o u g h t t o proceed t h r o u g h n i t r e n e f o r m a t i o n v i a t h e carbon 
monoxide a s s i s t e d r e r d u c t i o n of t h e n i t r o - a r e n e s . The n i t r e n e 
t h e n r e a c t s w i t h c a r b o n monoxide t o g i v e an is o c y a n a t e . 
2C0,-2C02 CO 
ArN02 ^ ArN: > ArNCO 
A Si m i l a r c a t a l y t i c r o u t e i n v o l v e s t h e use of aroma t i c 
amines as s t a r t i n g r e a g e n t s , and t h e p r o d u c t s a r e uret h a n e s due 
t o t h e use of e t h a n o l i n t h e r e a c t i o n system. A d i s a d v a n t a g e of 
t h i s p r e p a r a t i v e r o u t e i s i n t h e use of carbon monoxide/oxygen 
m i x t u r e s , t h e oxygen being used t o r e o x i d i s e t h e pal l a d i u m metal 




PhNH^ + EtOH ^ PhNHC 
o \ 160 C, Ih OEt 
CO/O2 85 Bar 
S t o i c h i o m e t r i c s y n t h e s i s of i s o c y a n a t e s can be achieved 
under r e l a t i v e l y mild c o n d i t i o n s i.e. 1 - 2 Bar and a t e m p e r a t u r e 
of 65 - 85°C ( 10 ). The r e a g e n t used i s a' m i x t u r e of palladium 
(II) c h l o r i d e and disodium hydrogen phosphate. The r e a c t i o n times 
a r e q u i t e long, 21 t o 96 hours, and g i v e reasonable y i e l d s . The 
pa l l a d i u m (II) r e a g e n t i s reduced t o pa l l a d i u m metal:-
1 Bar 80°C 
i.e. RNH^ + CO + PdCl2 ^ RNCO + Pd + HCl 
A p o s s i b l e r e a c t i o n scheme i n v o l v e s c o n v e r s i o n of the amine 
f i r s t t o a formamide, which then i n t h e presence of palladium 
(II) c h l o r i d e i s c o n v e r t e d i n t o t h e i s o c y a n a t e . This mechanism 
was d i s p r o v e d since under r e a c t i o n c o n d i t i o n s no conversion of 
formamide t o i s o c y a n a t e s was observed. A second p o s s i b l e 
mechanism i n v o l v e s t h e p r o d u c t i o n of phosgene from palladium (II) 
c h l o r i d e and carb o n monoxide. This also was found not t o occur as 
no phosgene c o u l d be d e t e c t e d from d i r e c t r e a c t i o n of palladium 
(II) c h l o r i d e w i t h c a r b o n monoxide. A reasonable mechanistic 
r o u t e was not, however, proposed by t h e a u t h o r s ( 10 ). 
A second s t o i c h i o m e t r i c r o u t e t o i s o c y a n a t e s i n v o l v e s t h e 
use of alkene p a l l a d i u m i n t e r m e d i a t e s ; again t h e i s o c y a n a t e was 
i s o l a t e d as a u r e t h a n e due t o t h e use of methanol as the r e a c t i o n 
s o l v e n t ( 11 ):-
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PdCU CI 





H I CH 
RN — Pd«-(| ^ ^ RNCO + ( 7 r - a l l y l PdCl ) 
I CH -HCl 
C I 
0 CH^Cl 
The r e a c t i o n c o n d i t i o n s a r e mild r e q u i r i n g only t h e passage 
of c a r b o n monoxide t h r o u g h t h e r e a c t i o n m i x t u r e a t room 
t e m p e r a t u r e . The y i e l d of u r e t h a n e o b t a i n e d i s 50% a f t e r 1 hour 
With 6 2 % of t h e p a l l a d i u m p r e s e n t ending up as the 7 x - a l l y l 
p a l l a d i u m c h l o r i d e dimer. 
In each of t h e above t r a n s i t i o n metal mediated r e a c t i o n s 
t h e metal has been reduced or th e system r e q u i r e d an o x i d i s i n g 
a g e n t t o be p r e s e n t . This r e p r e s e n t s one mechanistic r o u t e , t h e 
o t h e r one being t h e use o f a zero b i v a l e n t metal species and an 
"ox i d i s e d " s u b s t r a t e . A compound which can be r e g a r d e d as an 
"oxi d i s e d " amine i s an N-haloamine. A s t o i c h i o m e t r i c s y n t h e t i c 
r o u t e t o ur e a s has been observed u s i n g t h i s t y p e of r e a c t a n t ( 12 
) and n i c k e l t e t r a c a r b o n y l . The b y - p r o d u c t from t h i s r e a c t i o n was 
th e f o r m a t i o n of a small q u a n t i t y of carbamoyl c h l o r i d e . 
RR'NCl + Ni(CO)^ ^ RR'N-Ni(CO)^ + 2C0 
4 [ 2 
CI 
CO 
RR'N-Ni(CO)^ ^ RR'NCO-Ni(CO) \ ^ I 
CI CI 
2 




or RR'NCO-Ni(CO)^ + RR'N-Ni(CO)„ > RR'NCONRR' + NiCU 
, 2 I 2 2 
CI CI + Ni(CO)^ 
4 
This r e a c t i o n mechanism was based upon a comparision of t h e 
r e a c t i o n scheme w i t h a more comprehensively s t u d i e d mechanism f o r 
the c a r b o n y l a t i o n of o r g a n i c ha l i d e s . A p r e v i o u s paper by the 
same a u t h o r s ( 13 ) r e p o r t e d t h e f o r m a t i o n of an anionic 
carbamoyl n i c k e l complex:-
Li'^CHe^NCONKCO)^]" 
A m e c h a n i s t i c a l l y s i m i l a r , b u t c a t a l y t i c , r e a c t i o n was 
r e p o r t e d by Saegusa ( 14 ) and i n v o l v e d t h e use of palladium or 
p a l l a d i u m (II) c h l o r i d e as c a t a l y s t . The r e a c t i o n s were c a r r i e d 
o u t under r e l a t i v e l y mild c o n d i t i o n s t y p i c a l l y 50°C and 60 Bar 
p r e s s u r e of ca r b o n monoxide f o r 20 hours. The y i e l d s were 
moderate t o high ( 44 t o 9 9 % ) b u t t h e r e a c t i o n r e q u i r e d a l a r g e 
amount of c a t a l y s t , t y p i c a l l y 1:10 pa l l a d i u m c a t a l y s t t o N-
chloroamine. The c a t a l y t i c mechanism was not discussed and 
f u r t h e r work has not been r e p o r t e d on t h i s system. 
Pd or PdCl /O 
RR'N-Cl + CO ^ RR'N-C(^ 
50 Bar, 50°C X I 
The work d e s c r i b e d i n t h i s t h e s i s concerns a d e t a i l e d 
i n v e s t i g a t i o n of t h e above r e a c t i o n scheme w i t h p a r t i c u l a r 
r e f e r e n c e t o t h e use of f a t t y a c i d amines as r e a c t a n t s . The 
f a c t o r s i n f l u e n c i n g t h e y i e l d of c a r b o n y l a t e d p r o d u c t were 
s t u d i e d t o ga i n an i n s i g h t i n t o t h e mechanism behind t h e 
r e a c t i o n . 
6.2. Reactions between N-chloroamines and carbon monoxide 
in t h e presence of pa l l a d i u m c h l o r i d e and t r i p h e n y l p h o s p h i n e 
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Aims:- t o i n v e s t i g a t e t h e r e a c t i o n s of N-chloroamines w i t h 
p a l l a d i u m complexes and t o observe the e f f e c t of using l i g a n d 
s t a b i l i s e d p a l l a d i u m c a t a l y s t s on the p r o d u c t i o n of carbamoyl 
c h l o r i d e s . 
6.2.1. E x p e r i m e n t a l 
The p r e p a r a t i o n of N-chloroamines was s i m i l a r t o the method 
used by Coleman ( 15 ). A g e n e r a l example using p i p e r i d i n e , as 
t h e amine, i s as f o l l o w s : - To a c o l d s o l u t i o n of p i p e r i d i n e 
H y d r o c h l o r i d e ( 12.2g, O.lmol ) i n w a t e r ( 100ml ) a c o l d aqueous 
s o l u t i o n of sodium h y p o c h l o r i t e ( 80ml, 0.12mol ) was added 
d r o p - w i s e over 15 minutes. A f t e r i t s a d d i t i o n t h e m i x t u r e was 
s t i r r e d f o r a f u r t h e r 15 minutes and then e x t r a c t e d w i t h 
d i e t h y l e t h e r ( 200ml ), which a f t e r washing w i t h 8% s u l p h u r i c 
a c i d and 5% sodium h y d r o x i d e s o l u t i o n , was f i n a l l y d r i e d over 
a n h y d r o u s magnesium s u l p h a t e . 
The d i e t h y l e t h e r s o l u t i o n of t h e N - c h l o r o p i p e r i d i n e was 
p l a c e d i n t o a 600ml P a r r a u t o c l a v e t o g e t h e r w i t h palladium (II) 
a c e t a t e ( 0.224g, lOmmol ) and t r i p h e n y l p h o s p h i n e ( 0.52g, 20 
mmol ). The a u t o c l a v e was then f l u s h e d o u t s e v e r a l times w i t h 
c a r b o n monoxide and f i n a l l y p r e s s u r i s e d t o 50 Bar carbon 
monoxide. The system was s t i r r e d r a p i d l y and l e f t t o r e a c t a t 
room t e m p e r a t u r e f o r 21 hours. A f t e r d e p r e s s u r i s a t i o n t h e 
r e a c t i o n m i x t u r e was f i l t e r e d t o leave a c l e a r yellow s o l u t i o n . 
The s o l v e n t was removed i n vacuo and t h e p r o d u c t d i s t i l l e d a t 
100°C 12mm Hg t o g i v e a c o l o u r l e s s l i q u i d . The p i p i r i d y l 
c a r b a moyl c h l o r i d e was i d e n t i f i e d by comparison ( n.m.r. and 
i n f r a - r e d ) w i t h t h e a u t h e n t i c compound p r e p a r e d v i a d i r e c t 
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p h o s g e n a t i o n of t h e c o r r e s p o n d i n g amine. 
6.2.2. Discussion 
The r e s u l t s p r e s e n t e d i n Table 6.1. show t h a t a palladium 
(II) a c e t a t e / t r i p h e n y l p h o s p h i n e m i x t u r e i s an e f f e c t i v e c a t a l y s t 
f o r t h e c a r b o n y l a t i o n of N-chloroamines. In t h e absence of any 
t r a n s i t i o n metal species no decrease i n t h e carbon monoxide 
p r e s s u r e was o b s e r v e d and t h e N-chloroamine was r e c o v e r e d in 
q u a n t i t a t i v e y i e l d . The a d d i t i o n of a phosphine l i g a n d t o t h e 
p a l l a d i u m compound enhances t h e y i e l d i n t h e case of p i p e r i d i n e , 
from 68 t o 81%. In t h e case of p r i m a r y amines s o l v e n t e x t r a c t i o n 
of t h e p r o d u c t m i x t u r e w i t h c h l o r o f o r m would leave a c o l o u r l e s s 
s o l i d . Elemantal a n a l y s i s of t h i s r e a c t i o n p r o d u c t i n d i c a t e s 
t h a t , i n t h e case of p r i m a r y amines, h y d r o c h l o r i d e s a l t s of t h e 
s t a r t i n g amine were p r e s e n t i n s i g n i f i c a n t q u a n t i t i e s . The 
c a r b o n y l a t e d p r o d u c t s were e i t h e r d i s t i l l e d or c o n v e r t e d i n t o 
u r e a s by r e a c t i o n w i t h a s u i t a b l e amine f o l l o w e d by p u r i f i c a t i o n 
by r e c r y s t a l i s a t i o n . The y i e l d s o f c a r b o n y l a t e d p r o d u c t s o b t a i n e d 
from p r i m a r y amines were a l s o s i g n i f i c a n t l y reduced, as compared 
t o t h e secondary amines. The use of amines c o n t a i n i n g oxygen 
f u n c t i o n a l i t i e s e.g. morpholine also seems t o decrease the 
c a t a l y t i c a c t i v i t y of t h e system g i v i n g r i s e t o a lower y i e l d of 
c a r b amoyl c h l o r i d e . 
The use of t r i p h e n y l p h o s p h i n e i n t h e r e a c t i o n medium w i l l 
i n i t i a l l y p roduce p a l l a d i u m phosphine complexes, presumably 
Pd(PPh2)2(AcO)2. Under t h e r e d u c i n g c o n d i t i o n s of t h e carbon 
monoxide atmosphere t h i s may be reduced t o t h e zero v a l e n t 
p a l l a d i u m species i.e. Pd(CO) (PPh^). . This r e a c t i o n i s however 
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c o m p l i c a t e d by t h e f a c t t h a t t h e N-chloroamines themselves can 
r e a c t w i t h t r i p h e n y l p h o s p h i n e t o g i v e y i l d t y p e complexes ( 16 
):-
i.e. PPhg + RR'N-Cl "^^^3^ " NRR'D^Cl" 
These compounds a r e r e l a t i v e l y s t a b l e and a r e not expected 
t o cause any c o m p l i c a t i o n s a r i s i n g from t h e i r f o r m a t i o n b u t 
e f f e c t i v e l y remove t h e t r i p h e n y l p h o s p h i n e from t h e r e a c t i o n 
medium. 
I t can be seen from Table 6.1. t h a t t h e y i e l d s o b t a i n e d 
from t h e c a r b o n y l a t i o n of p r i m a r y N-chloroamines are only poor t o 
moderate ( e.g. 30 - 45% ). There a r e s e v e r a l p o s s i b l e 
e x p l a n a t i o n s f o r t h i s o b s e r v a t i o n , perhaps t h e most obvious 
reason c o u l d be t h a t p r i m a r y N-chloroamines e x h i b i t a 
S i g n i f i c a n t l y r e d u ced r a t e of c a r b o n y l a t i o n . In such a s i t u a t i o n 
t h e r e s u l t i n g m i x t u r e would c o n t a i n u n r e a c t e d N-chloroamine as 
w e l l as c a r b o n y l a t e d p r o d u c t s . This e x p l a n a t i o n i s , however, not 
t h o u g h t t o be t h e case. In t h e r e s u l t i n g r e a c t i o n m i x t u r e s only 
t r a c e q u a n t i t i e s of u n r e a c t e d N-chloroamine can be d e t e c t e d . In 
f a c t t h e y i e l d o f carbamoyl c h l o r i d e and t h e q u a n t i t y of 
h y d r o c h l o r i d e p r o d u c e d a c c o u n t e d f o r g r e a t e r then 90% of t h e 
o r i g i n a l q u a n t i t y of amine used in t h e p r e p a r a t i o n of t h e N-
chloroamines. Thus i t seems l i k e l y t h a t t h e poor y i e l d s must be 
due t o t h e f o r m a t i o n of t h e amine h y d r o c h l o r i d e s . There i s a 
p o s s i b i l i t y t h a t f r e e amine p e r s i s t s from t h e t h e p r o d u c t i o n of 
t h e N-chloroamine; t h i s i s f a r more l i k e l y i n t h e case of t h e 
p r i m a r y amines since an excess of sodium h y p o c h l o r i t e cannot be 
used i n t h e p r e p a r a t i o n of t h e N-chloroamine, t o ensure complete 
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c o n v e r s i o n . The reason f o r n o t using an excess of sodium 
h y p o c h l o r i t e , i n t h e presence of a p r i m a r y amine, i s t h e 
competing side r e a c t i o n which o c c u r s i n such cases t o produce 
N,N-dichloroamine ( 17 ):-
RNHgCl + NaOCl > RNHCl + NaCl + H^O 
RNHCl + NaOCl > RNCI2 + NaOH 
The f o r m a t i o n of N,N-dichloroamine can also occur even i f 
an excess of sodium h y p o c h l o r i t e i s not used; t h i s o c curs by 
p r e f e r e n t i a l c h l o r i n a t i o n of an N-chloroamine over an 
u n s u b s t i t u t e d amine. The N-chloroamines a r e more a c t i v e t han the 
p a r e n t amine, t o w a r d s f u r t h e r c h l o r i n a t i o n . This i s due t o t h e 
e l e c t r o n w i t h d r a w i n g e f f e c t o f t h e f i r s t c h l o r i n e atom p o l a r i s i n g 
t h e n i t r o g e n - c h l o r i n e bond, t h u s making t h e n i t r o g e n atom more 
s u s c e p t i b l e t o w a r d s n u c l e o p h i l i c a t t a c k by a h y p o c h l o r i t e ion. 
This second c h l o r i n a t i o n s t e p i s , however, k i n e t i c a l l y t h e slower 
r e a c t i o n and t h u s by s u i t a b l e choice of r e a c t i o n c o n d i t i o n s 
r e a s o n a b l e y i e l d s of N-chloroamine can be achieved. The 
c o n d i t i o n s r e q u i r e d a r e low t e m p e r a t u r e s and t h e avoidance of an 
excess of t h e sodium h y p o c h l o r i t e . Even under such r e s t r a i n t s the 
f o r m a t i o n of N,N-dichloroamine cannot be completely r u l e d out; 
p r o d u c t i o n of one molecule of N,N-dichloroamine r e s u l t s i n one 
molecule of amine remaining u n c h l o r i n a t e d and t h u s l e a v i n g f r e e 
amine i n t h e N-chloroamine s o l u t i o n . As di s c u s s e d l a t t e r the 
N,N-dichloroamines do not undergo c a r b o n y l a t i o n using t h e 
c o n d i t i o n s employed i n t h e s e experiments; t h e i r f o r m a t i o n 
t h e r e f o r e would l e a d o n l y t o a low c o n v e r s i o n t o N-chloroamine 
and hence t o a decrease i n t h e y i e l d of c a r b o n y l a t e d p r o d u c t s . 
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A f u r t h e r p o s s i b i l i t y f o r t h e f o r m a t i o n of f r e e amine l i e s 
i n t h e r e a c t i o n of N-chloroamines w i t h hydrogen c h l o r i d e ( 17 ), 
which i s formed as a b y - p r o d u c t of t h e c a r b o n y l a t i o n r e a c t i o n : -
RNHCl + CO ^ RNHCOCl > RNCO + HCl 
RNHCl + HCl * RNH^ + CI2 
6.3. Reaction of N-chloroamines w i t h carbon monoxide i n the 
presence of v a r i o u s bases 
Aim:- t o determine t h e e f f e c t of oxygen and n i t r o g e n bases on t h e 
y i e l d o f c a r b o n y l a t e d p r o d u c t and on t h e f o r m a t i o n of amine 
h y d r o c h l o r i d e . 
6.3.1. E x p e r i m e n t a l 
The g e n e r a l e x p e r i m e n t a l p r o c e d u r e was as b e f o r e e x c e p t 
t h a t t h e a p p r o p r i a t e base ( 0.12mol ) was added t o t h e r e a c t i o n 
m i x t u r e i n t h e a u t o c l a v e . The N-chloroamines used were d e r i v e d 
form t - o c t y l a m i n e and t - b u t y l a m i n e . In two cases excess t -
o c t y l a m i n e was used i n t h e p r e p a r a t i o n of t h e monochloroamine and 
no a d d i t i o n a l base was added. In each case any c a r b o n y l a t e d 
p r o d u c t s formed were i s o l a t e d as t h e c o r r e s p o n d i n g d i - s u b s t i t u t e d 
u r e a s by r e a c t i o n of t h e cr u d e r e a c t i o n m i x t u r e w i t h an excess of 
t h e c o r r e s p o n d i n g amine. 
6.3.2. Discussion 
The r e s u l t s a r e p r e s e n t e d i n Table 6.2. and c l e a r l y show 
t h a t when an o r g a n i c n i t r o g e n bases a r e used t h e y completely 
s u p p r e s s t h e r e a c t i o n . The n a t u r e of t h e n i t r o g e n base used has 
no e f f e c t on t h e s u p p r e s s i o n and occ u r s when r e l a t i v e l y small 
amounts of base a r e p r e s e n t . This e f f e c t may be caused by 
p r e f e r e n t i a l c o - o r d i n a t i o n of t h e amine t o t h e c a t a l y t i c 
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C o n d i t i o n s : - N-chloroamine 0.1 mole i n d i e t h y l e t h e r ( 150ml ) 
P a l l a d i u m ( I I ) a c e t a t e 0.224g, 1.0 mnol 
T r i p h e n y l p h o s p h i n e 0.52g, 2.0 mmol 
50 Bar carbon monoxide 
a t room t e m p e r a t u r e f o r 18 hours 
Base p r e s e n t i n e x c e s s i . e . 0.13 mole 
^ The base p r e s e n t i n t h i s e x p e r i m e n t was p r e s e n t i n the i n i t i a l 
c h l o r i n a t i o n s t e p i . e . 0.15 mole of t - o c t y l a m i n e was used to 
p r e p a r e 0.1 mole of N-ch l o r o - t _ - o c t y lamine, 
p a l l a d i u m species t h u s b l o c k i n g t h e a c t i v e s i t e s f o r t h e r e a c t i o n 
of t h e N-chloroamine. This may also e x p l a i n t h e reduced y i e l d 
o b t a i n e d from t h e c a r b o n y l a t i o n of N-chloromorpholine, as the 
oxygen atom p r e s e n t i n t h i s amine c o u l d f u n c t i o n as a o'-donor and 
hence reduce t h e a c t i v i t y o f the p a l l a d i u m c a t a l y s t . S i m i l a r l y 
t h e decrease i n y i e l d o b s erved when Saegusa ( 14 ) changed the 
r e a c t i o n s o l v e n t from benzene t o 1,2-dimethoxyethane or 
a c e t o n i t r i l e may a r i s e from such a process. The presence of the 
i n o r g a n i c bases has v e r y l i t t l e a f f e c t on t h e y i e l d of 
c a r b o n y l a t e d p r o d u c t s or on t h e amount of amine h y d r o c h l o r i d e 
formed. This presumably i s due, amongst o t h e r reasons, t o t h e i r 
poor s o l u b i l i t y i n t h e r e a c t i o n medium. 
The presence of l a r g e q u a n t i t i e s of f r e e amine i n t h e 
i n i t i a l N-chloroamine s o l u t i o n can t h e r e f o r e be r u l e d o u t as 
p r o d u c t f o r m a t i o n i s observed. This r e s u l t i s s u p p o r t e d by an 
i n v e s t i g a t i o n by g.l.c, of t h e q u a n t i t y of f r e e amine l e f t a f t e r 
t h e r e a c t i o n between an excess of an amine w i t h sodium 
h y p o c h l o r i t e . The lower y i e l d s found when u s i n g p r i m a r y N-
chloroamines may c o n c e i v a b l y be due t o small q u a n t i t i e s of amine 
l e f t by incomplete r e a c t i o n . This, as mentioned above, i s due t o 
the competing r e a c t i o n t o form N,N-dichloroamine and leave f r e e 
amine; t h i s , however, would n o t e x p l a i n t h e f o r m a t i o n of l a r g e 
q u a n t i t i e s of amine h y d r o c h l o r i d e . One o t h e r c o m p l i c a t i n g f a c t o r 
i s t h e r e a c t i o n o f N-chloroamines w i t h an amine t o form a 
hy d r a z i n i u m s a l t ( 20 ):-
RR'NCl + R"NH2 ^ R"NHNRR'.HC1 
In t h e systems s t u d i e d no evidence f o r h y d r a z i n e f o r m a t i o n 
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was found. However, these may have been formed i n small 
q u a n t i t i e s and hence n o t d e t e c t e d . 
6.4. E f f e c t of N,N-dichloroamine on t h e c a r b o n y l a t i o n r e a c t i o n 
Aim:- t o determine t h e e f f e c t o f N,N-dichloroamines on t h e 
c a r b o n y l a t i o n r e a c t i o n . 
6.4.1. E x p e r i m e n t a l 
N,N-dichloroamine was p r e p a r e d by t h e r e a c t i o n of t -
o c t y l a m i n e ( 0.2mol ) w i t h excess N-chlorosuccinimide ( 0.25mol ) 
i n d i e t h y l e t h e r a t room t e m p e r a t u r e . The r e a c t i o n was s t i r r e d 
u n t i l no f u r t h e r N-H peak a t 3410 cm ^ c o u l d be observed in t h e 
i n f r a - r e d . The p u r e N,N-dichloroamine was r e a c t e d under s i m i l a r 
c o n d i t i o n s t o t h e N-chloroamines. A m i x t u r e of N-chloroamine and 
N,N-dichloroamine was a l s o c a r b o n y l a t e d i n a s i m i l a r manner. 
6.4.2. Discussion 
The r e s u l t s o b t a i n e d i n d i c a t e d t h a t under the c o n d i t i o n s 
employed t h e N,N-dichloroamine was r e c o v e r e d u n r e a c t e d , no 
p r e s s u r e change was o b s e r v e d and no new c a r b o n y l s t r e t c h i n g 
f r e q u e n c y band was o b s e r v e d i n t h e i n f r a - r e d . In t h e case of t h e 
m i x t u r e o f N,N-dichloroamine and N-chloroamine c a r b o n y l a t i o n of 
t h e N-chloroamine was observed. Although t h e y i e l d of 
c a r b o n y l a t e d m a t e r i a l was n o t determined, due t o t h e p o t e n t i a l 
h a z a r d i n i s o l a t i n g N,N-dichloroamines, c a r b o n y l a t i o n was 
i n d i c a t e d by t h e d r o p i n p r e s s u r e and t h e presence of a 
c h a r a c t e r i s t i c c a r b o n y l s t r e t c h i n g f r e q u e n c y band a t 1740 cm ^ i n 
t h e p r o d u c t m i x t u r e due t o carbamoyl c h l o r i d e . 
The c o n d i t i o n s used i n these e x p e r i m e n t s were presumably 
t o o mild f o r any r e a c t i o n of t h e N,N-dichloroamine t o occur. 
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N,N-dichloroamines a r e known t o undergo r e a c t i o n w i t h n i c k e l 
t e t r a c a r b o n y l ( 18 ) a t 20°C t o produce N,N-dialkyl ureas which 
show a c h a r a c t e r i s t i c i n f r a - r e d c a r b o n y l s t r e t c h i n g f r e q u e n c y 
band a t 1660 cm K No band a t t h i s p a r t i c u l a r f r e q u e n c y was 
o b s e r v e d i n t h e p a l l a d i u m c a t a l y s e d r e a c t i o n . 
I t has been r e p o r t e d t h a t t h e r e i s an e q u i l i b r i u m between 
N-chloroamine and N,N-dichloroamine ( 19 ):-
2RNHC1 ^ ' RNCI2 + RNH^ 
In an e x p e r i m e n t i n which t - o c t y l a m i n e was mixed w i t h N,N-
d i c h l o r o - t - o c t y l a m i n e a t room t e m p e r a t u r e i n d i e t h y l e t h e r , no N-H 
s t r e t c h i n g f r e q u e n c y band, due t o t h e N-chloroamine a t 3260 cm-1, 
was . o b s e r v e d even a f t e r s e v e r a l days. Thus i f t h i s e q u i l i b r i u m 
does occur, then t h e e q u i l i b r i u m c o n s t a n t must l i e well t o t h e 
l e f t hand s i d e i n t h e above e q u a t i o n . 
The p o i s o n i n g e f f e c t of f r e e amines i n t h e c a r b o n y l a t i o n 
r e a c t i o n s and t h e f a c t t h a t c a r b o n y l a t i o n r e a c t i o n s of N-
chloroamines occur up t o 81 % y i e l d , i n d i c a t e t h a t t h i s r e a c t i o n 
i s of minor i m p o r t a n c e i f i t o c c u r s a t a l l . 
6.5. The e f f e c t of c a r b o n monoxide p r e s s u r e on t h e r a t e 
of r e a c t i o n 
6.5.1. E x p e r i m e n t a l 
The e x p e r i m e n t a l p r o c e d u r e was as d e s c r i b e d before. A 
s o l u t i o n of N - c h l o r o - t - o c t y l a m i n e ( O.lmol ) i n d i e t h y l e t h e r ( 
100ml ) was p l a c e d i n t h e a u t o c l a v e t o g e t h e r w i t h palladium 
a c e t a t e ( 0.224g, Immol ) and t r i p h e n y l p h o s p h i n e ( 0.52g, 2mmol 
). The system was t h e n sealed and f l u s h e d o u t s e v e r a l times w i t h 
c a r b o n monoxide b e f o r e being p r e s s u r i s e d t o t h e r e q u i r e d p r e s s u r e 
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( 7 t o 55 Bar ). The r e a c t i o n was then s t i r r e d r a p i d l y a t room 
t e m p e r a t u r e , t h e p r e s s u r e of t h e system being monitored 
t h r o u g h o u t w i t h a piezo s e n s i t i v e p r e s s u r e t r a n s d u c e r connected 
t o an X-Y c h a r t r e c o r d e r . 
6.5.2. Discussion 
The r e s u l t s a r e p r e s e n t e d in Table 6.3. and 6.4.; a p l o t of 
l o g a r i t h m of t h e p r e s s u r e v e r s e s time i s also shown in F i g u r e 
6.1. This g r a p h c l e a r l y i n d i c a t e s t h a t t h e r e i s an a p p r o x i m a t e l y 
l i n e a r r e l a t i o n s h i p between l o g a r i t h m of t h e p r e s s u r e and time in 
t h e i n i t i a l s t a g e s of t h e r e a c t i o n ( i.e. t h e f i r s t 5 hours ). 
The d e v i a t i o n from l i n e a r i t y i n t h e l a t t e r s t a g e s of t h e r e a c t i o n 
b eing caused by a d r o p in r e a c t i o n r a t e as t h e p r e s s u r e drops ( 
see l a t e r ) . This i s c l e a r l y shown by an i n c r e a s e i n t h e h a l f l i f e 
o f t h e r e a c t i o n as t h e p r e s s u r e dropi;. 
The e f f e c t of p r e s s u r e on t h e i n i t i a l r a t e of r e a c t i o n i s 
shown i n F i g u r e 6.2. The g r a p h i n d i c a t e s t h a t t h e r a t e of 
r e a c t i o n i s s t r o n g l y dependant on t h e p r e s s u r e of t h e system a t 
low p r e s s u r e . The f u r t h e r dependency of t h e r a t e of carbon 
monoxide u p t a k e , as t h e p r e s s u r e i s i n c r e a s e d beyond 50 Bar, and 
hence t h e r e a c t i o n r a t e , a p p e a r s t o become p r e s s u r e independent 
as i n d i c a t e d by t h e l e v e l i n g o f f in t h e r a t e of carbon monoxide 
u p t a k e a p p r o a c h i n g 50 Bar. The l i m i t f o r t h e maximum s t a r t i n g 
p r e s s u r e was d e t e r m i n e d by t h e p r e s s u r e t r a n s d u c e r s range, and 
e x p e r i m e n t s above 50 Bar were not s t u d i e d . The dependence of 
r e a c t i o n r a t e w i t h p r e s s u r e s above 50 Bar i s expected t o be zero 
o r d e r o r even i n v e r s e l y dependant. The p o s s i b l e i n v e r s e 
dependency may a r i s e as t h e l a r g e carbon monoxide p r e s s u r e could 
132 
T a b l e 6 . 3 . 
T ime P r e s s u r e Logg ( p r e 
h Bar 
0 5 1 . 0 3 . 933 
1 4 9 . 9 3 . 9 1 0 
2 4 8 . 8 3 . 888 
3 4 7 . 5 3 . 8 6 1 
4 4 6 . 2 3 . 8 3 3 
5 4 4 . 9 3 . 8 0 3 
7 4 3 . 0 3 . 761 
10 4 1 . 8 3 . 7 3 3 
14 4 0 . 8 3 . 708 
2 1 3 9 . 6 3 . 6 7 9 
C o n d i t i o n s : - N - c h l o r o p i p e r i d i n e ( 0 . 1 mol ) 
P d C l 2 ( 0 . 8 8 5 g , 5 mmol ) 
Benzene ( 100ml ) 
Room t e m p e r a t u r e 
T a b l e 6 . 4 . 
P r e s s u r e I n i t i a l r a t e o f CO 
Bar u p t a k e a t s . t . p 
m o l / m i n x 10 ^ 
0 0 
6 . 8 2 . 1 4 
1 3 . 6 4 . 8 4 
2 7 . 2 6 . 1 8 
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Time ( h ) 
F i g u r e 6 . 1 . V a r i a t i o n o f t h e s y s t e m p r e s s u r e w i t h t i m e 
20 25 30 35 
P r e s s u r e ( Bar ) 
F i g u r e 6 . 2 . I n i t i a l r a t e o f c a r b o n m o n o x i d e u p t a k e 
as a f u n c t i o n o f i n i t i a l p r e s s u r e 
s t a b i l i s e a p a l l a d i u m spec ies and p r e v e n t t h e c o - o r d i n a t i o n of a 
r e a c t a n t molecule . 
e.g. PdLgCCO) ^ ^ FdLg + CO 
PdLg + RR'NCl ^ ^ PdL^(RR'NCl) v ^ PdL2(RR'N)Cl + L 
Hence l a r g e p r e s s u r e s o f c a r b o n monoxide w i l l not f a v o u r 
t h e d i s s o c i a t i o n o f a c o - o r d i n a t e d c a r b o n monoxide molecule. I f 
however t h e r e a c t i o n r a t e i s c o n t r o l l e d by a d i f f e r e n t s t e p no t 
i n v o l v i n g c a r b o n monoxide, t hen t h e r e w i l l be l i t t l e dependence 
o f p r e s s u r e on t h e r e a c t i o n r a t e . 
In a p r e v i o u s s t u d y on t h e m e t h o x y c a r b o n y l a t i o n r e a c t i o n 
t h e r e a c t i o n r a t e was i ndependen t o f t h e c o n c e n t r a t i o n o f a lkene 
used ( see s e c t i o n 3.5. C h a p t e r 3 ). In t h i s sys tem t h e y i e l d o f 
e s t e r v e r s e t ime was l i n e a r and hence t h e p r e s s u r e o f t h e sys tem 
showed a l i n e a r dependence w i t h t ime . In t h e p r e s e n t case t h e 
r e a c t i o n does n o t show a l i n e a r dependence f o r t h e c a r b o n 
monoxide p r e s s u r e , and hence y i e l d o f c a r b a m o y l c h l o r i d e , w i t h 
t i m e . As i n t h e m e t h o x y c a r b o n y l a t i o n s t u d y t h e e x p e r i m e n t was 
p e r f o r m e d under c o n d i t i o n s where t h e r e a c t i o n r a t e i s v i r t u a l l y 
i n d e p e n d e n t o f t h e sys tem p r e s s u r e . This s u g g e s t s t h a t the 
r e a c t i o n i s dependen t on t h e c o n c e n t r a t i o n o f N-ch lo roamine , 
p o s s i b l y f i r s t o r d e r f r o m t h e i n i t i a l l i n e a r dependence of the 
l o g a r i t h m o f t h e p r e s s u r e v e r s e s t i m e . 
slow CO 
i .e . RR'N-Cl ^ Pd(RR'NCl)L > p r o d u c t s 
+ f a s t 
FdL^ 
6.6. E f f e c t o f t h e p a l l a d i u m phosphine r a t i o on r e a c t i o n 
r a t e 
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6.6.1. E x p e r i m e n t a l 
The e x p e r i m e n t a l p r o c e d u r e was s i m i l a r t o t h a t above. N -
c h l o r o - t - o c t y l a m i n e ( O.lmol ) i n d i e t h y l e t h e r ( 100ml ) was 
p l a c e d i n t o t h e a u t o c l a v e w i t h p a l l a d i u m a c e t a t e ( 0 .224g, Immol 
). The sys tem was f l u s h e d o u t and p r e s s u r i s e d t o 20 Bar w i t h 
c a r b o n monoxide. The r e a c t i o n p r e s s u r e was t h e n mon i to red as 
b e f o r e . 
6 .6.2. D i s c u s s i o n 
The r e s u l t s a r e shown in Tab le 6.5. and p l o t t e d g r a p h i c a l l y 
i n F i g u r e 6.3. The r e s u l t s i n d i c a t e t h a t t h e r e a c t i o n i s a ided by 
t h e a d d i t i o n o f a phosphine l i g a n d even in r e l a t i v e l y l a r g e 
amounts . I t i s a l s o q u i t e c l e a r t h a t h a v i n g an excess o f 
phosph ine does n o t have a d e t r i m e n t a l e f f e c t on t h e r e a c t i o n 
r a t e . I t migh t be e x p e c t e d t h a t as t h e phosphine c o n c e n t r a t i o n 
i n c r e a s e s t h e r e a c t i o n r a t e shou ld dec rease , t h i s i s due t o 
c o m p e t i t i o n for c o - o r d i n a t i o n s i t e s on t h e p a l l a d i u m : -
PdL^ V ' PdLg + L 
PdLg + RR'NCl V ^ PdLgCRR'NCl) 
( L = CO o r PPhg ) 
Even t h o u g h N - c h l o r o a m i n e i s p r e s e n t i n s o l u t i o n in h igh 
c o n c e n t r a t i o n i t i s n o t as good a l i g a n d as e i t h e r c a r b o n 
monoxide o r t r i p h e n y l p h o s p h i n e . The phosphine l i g a n d i s a good 
cr-donor , whereas c a r b o n monoxide i s a good T V - a c i d i c l i g a n d . In 
t h e case o f t h e N - c h l o r o a m i n e s t h e y a r e l e ss e f f i c i e n t a t cT-
b o n d i n g t h a n amines ( n o t t h a t amines s u p p r e s s r e a c t i o n by 
p r e f e r e n t i a l c o - o r d i n a t i o n ) a r i s i n g f r o m t h e e l e c t r o n 









T a b l e 6 . 5 . 
I n i t i a l r a t e o f CO 
u p t a k e a t s . t . p . 
m o l / m i n x l O ^ 
2 . 6 1 
3 . 88 
6 . 6 2 ' 
5 . 2 2 
5 . 18 
5 . 04 
H o l e s o f P P h g / H o l e s o f p a l l a d i u m ( I D 
F i g u r e 6 . 3 . I n i t i a l r a t e o f c a r b o n m o n o x i d e u p t a k e 
as a f u n c t i o n o f t h e P t o Pd r a t i o 
e f f e c t o f r e d u c i n g t h e e l e c t r o n d e n s i t y a r o u n d the n i t r o g e n atom, 
t h u s d e c r e a s i n g t h e a v a i l a b i l i t y o f t h e lone p a i r f o r cT-bonding. 
In t h e case o f N , N - d i c h l o r o a m i n e s t h e e f f e c t w i l l be g r e a t e r w i t h 
two e l e c t r o n w i t h d r a w i n g c h l o r i n e atoms. Also as t h e c h l o r i n e 
atom i s l a r g e r t h a n a h y d r o g e n atom t h e n t h e N-ch lo roamine w i l l 
a l s o be a s t e r i c a l l y more demanding l i g a n d and t h u s less r e a d i l y 
c o - o r d i n a t e d t h a n an amine l i g a n d . Th i s e f f e c t w i l l be even more 
p r o m i n e n t i n t h e case o f N ,N-d i ch lo roamines w i t h two b u l k y 
c h l o r i n e a toms. Hence t h e N ,N-d i ch lo roamines shou ld no t e a s i l y 
c o - o r d i n a t e t o t h e me ta l c e n t r e and t h u s n o t e f f e c t t h e r e a c t i o n 
t o any s i g n i f i c a n t e x t e n t , t h i s was indeed f o u n d . 
The ne t r e s u l t o f i n c r e a s i n g t h e phosphine c o n c e n t r a t i o n 
s h o u l d be t h e dec rease i n t h e a v a i l a b i l i t y o f c o - o r d i n a t i v e l y 
u n s a t u r a t e d spec i e s , and so p r e v e n t an N-ch lo roamine f r o m 
i n t e r a c t i n g . Th i s s t u d y has n o t f o u n d t h i s e f f e c t t o occu r , t h e r e 
a r e two p o s s i b l e e x p l a n a t i o n s f o r t h i s . The f i r s t i s t h a t 
phosph ine l i g a n d s a r e v a r y l a b i l e and t h e number o f c o -
o r d i n a t i v e l y u n s a t u r a t e d s i t e s i s n o t s i g n i f i c a n t l y r educed . The 
c o n c e n t r a t i o n o f N - c h l o r o a m i n e i s f a r g r e a t e r t h a n t h e 
c o n c e n t r a t i o n o f phosph ine l i g a n d , and hence s t a t i s t i c a l l y i t 
s t a n d s a f a r g r e a t e r chance o f c o l l i s i o n w i t h a c o - o r d i n a t i v e l y 
u n s a t u r a t e d spec i e s . The second e x p l a n a t i o n i s t h a t t h e phosphine 
l i g a n d r e a c t s w i t h t h e N - c h l o r o a m i n e t o g i v e a y l i d t y p e compound 
( 16 ) : -
i . e . RRN-Cl + PPhg > "^^^3^ = NRR3"^Cr 
The excess phosphine may t h u s be removed by t h e N-ch lo roamine and 
n o t a f f e c t t h e r e a c t i o n r a t e . The d i s a d v a n t a g e t o t h i s 
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e x p l a n a t i o n i s t h a t t h e phosphine l i g a n d s , on a p a l l a d i u m 
spec ies , a r e c o n t i n u a l l y be ing l o s t i n t o s o l u t i o n and then 
r e p l a c e d , t h o u g h n o t n e c e s s a r i l y by t h e same phosphine l i g a n d . 
These f r e e t r i p h e n y l p h o s p h i n e molecules c o u l d t hen r e a c t w i t h the 
N - c h l o r o a m i n e and hence be removed f r o m t h e c a t a l y t i c c y c l e . Thus 
t h e added t r i p h e n y l p h o s p h i n e shou ld be consumed as t h e r e a c t i o n 
p roceeds . The r a t e s o f gas u p t a k e however were on ly r e c o r d e d in 
t h e i n i t i a l s t a g e s o f t h e r e a c t i o n , where t h e r e w i l l p o s s i b l y be 
some t r i p h e n y l p h o s p h i n e c o - o r d i n a t e d t o t h e p a l l a d i u m c a t a l y s t ; 
t h i s i s s u p p o r t e d by t h e pa l e ye l low c o l o u r o f t h e s o l u t i o n which 
i s t y p i c a l o f p a l l a d i u m phosphine compounds u n l i k e the r e d / b r o w n 
c o l o u r o f p a l l a d i u m a c e t a t e s o l u t i o n s . 
6.7. A t t e m p t e d p r e p a r a t i o n and c a r b o n y l a t i o n o f 
N , N - D i c h l o r o - l , 6 - d i a m i n o h e x a n e 
A i m : - t o p r o d u c e a d i - i s o c y a n a t e o r d i - c a r b a m o y l c h l o r i d e . 
6 .7.1. E x p e r i m e n t a l 
The 1 ,6-diaminohexane ( 11.6g, O.lmol ) was d i s s o l v e d i n 
o 
c o l d w a t e r ( 150ml ) and h y d r o c h l o r i c a c i d u n t i l t h e pH was 
s l i g h t l y a c i d i c ( i . e . 6.5 t o 7 ). Th i s s o l u t i o n was then added 
d r o p wise t o a c o l d s o l u t i o n o f sodium h y p o c h l o r i t e w i t h r a p i d 
s t i r r i n g . A f t e r t h e a d d i t i o n was comple te t h e p r o d u c t was s o l v e n t 
e x t r a c t e d u s i n g d i e t h y l e t h e r ( 150ml ) and t hen d r i e d ove r 
magnesium s u l p h a t e . 
The e t h e r s o l u t i o n was c a r b o n y l a t e d by p l a c i n g i t i n t o the 
a u t o c l a v e w i t h p a l l a d i u m (I I ) a c e t a t e ( 0 .224g , 1 mmol ) and 
t r i p h e n y l phosph ine ( 0 .52g , 2 ramol ). The sys tem was f l u s h e d o u t 
and p r e s s u r i s e d t o 50 Bar w i t h c a r b o n monoxide. A f t e r 14 hours 
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s t i r r i n g a t room t e m p e r a t u r e l i t t l e c a r b o n y l a t i o n ( as i n d i c a t e d 
by r e t e n t i o n o f p r e s s u r e ) was o b s e r v e d . On opening t h e a u t o c l a v e 
a g r e y / b l a c k p r e c i p i t a t e was f o u n d . A n a l y s i s o f t h e m i x t u r e was 
c a r r i e d o u t by i n f r a - r e d s p e c t r o s c o p y and f o u n d t o be mos t ly 
u n r e a c t e d N - c h l o r o a m i n e , w i t h a smal l amount o f c a r b o n y l a t e d 
m a t e r i a l p r e s e n t . 
6 .7 .2 . D i s c u s s i o n 
The i n f r a - r e d i n d i c a t e d t h a t no c a r b o n y l a t i o n had t a k e n 
p l a c e , t h e s p e c t r u m showed t h a t b o t h f r e e amine and mono-
ch lo roamine were p r e s e n t by N-H s t r e t c h i n g f r e q u e n c y bands a t 
3415(s) and 3260(m) cm ^ r e s p e c t i v e l y . The c a r b o n y l a t i o n 
p r e s u m a b l y f a i l e d due t o t h e presence of f r e e amine, as d i s cus sed 
i n s e c t i o n 6.3., f r o m c o m p e t i t i o n between m o n o c h l o r i n a t i o n and 
d i c h l o r i n a t i o n o f i n d i v i d u a l amine g r o u p s . As t h e monochloroamine 
g r o u p i s more a c t i v e t o w a r d s c h l o r i n a t i o n t h a n t h e i n i t i a l amine 
g r o u p t h e n any monochloroamine i n i t i a l l y f o r m e d may undergo 
f u r t h e r c h l o r i n a t i o n . Th i s e f f e c t w i l l be more pronounced t o w a r d s 
t h e l a t t e r s t a g e s o f t h e r e a c t i o n , when r e l a t i v e l y few f r e e amine 
g r o u p s a r e l e f t and a l a r g e number o f monochloro g r o u p s a r e 
p r e s e n t . 
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CHAPTER SEVEN 
CARBONYLATION OF FATTY ACID 
N-CHLOROAHINES 
7.1. I n t r o d u c t i o n 
The work r e p o r t e d in t h i s c h a p t e r i s concerned w i t h the 
f o r m a t i o n o f f a t t y a c i d N-ch lo roamines , t h e i r c a t a l y t i c 
c a r b o n y l a t i o n and c h a r a c t e r i s a t i o n o f t h e p r o d u c t s o b t a i n e d . The 
work a l so i n c l u d e s f u r t h e r mechan i s t i c s t u d i e s , and the ' i n s i t u ' 
s t u d y o f p o s s i b l e c a t a l y t i c spec ies by h igh p r e s s u r e i n f r a - r e d 
s p e c t r o s c o p y . 
7.2. P r e p a r a t i o n o f N - c h l o r o a m i n e s d e r i v e d f r o m f a t t y a c i d 
amines. 
There a r e t h r e e g e n e r a l r o u t e s t o N-ch lo roamines and, as 
r e p o r t e d in t h e p r e v i o u s c h a p t e r , t h e most w i d e l y a p p l i c a b l e 
r o u t e i s t h e r e a c t i o n o f an amine h y d r o c h l o r i d e w i t h sodium 
h y p o c h l o r i t e , a t low t e m p e r a t u r e s ( i .e . <0°C ). Th is method 
however c a n n o t be g e n e r a l l y a p p l i e d t o f a t t y a c i d amines. The 
p r i m a r y d i s a d v a n t a g e t o t h i s method l i e s i n t h e i n s o l u b i l i t y o f 
t hese compounds i n c o l d w a t e r . This i s e s p e c i a l l y t r u e f o r the 
d i a l k y l amine h y d r o c h l o r i d e s . The second wide ly used r o u t e 
i n v o l v e s t h e use o f h a l o g e n a t i n g a g e n t s such as N - c h l o r o -
s u c c i n i m i d e . Th i s method a l s o has i t s d r a w b a c k s ; i t i s r e l a t i v e l y 
s low, r e q u i r e s t h e r e m o v a l , i f p o s s i b l e , o f t h e succ in imide 
f o r m e d , and has t h e added d i s a d v a n t a g e o f be ing an expens ive 
i n d u s t r i a l r o u t e . The t h i r d method i n v o l v e s t h e use o f 
h y p o c h l o r o u s a c i d which d i r e c t l y c h l o r i n a t i a t e s t h e f a t t y amine. 
The l a s t method was t h e one chosen as b e i n g t h e most u s e f u l and 
i s d i s c u s s e d i n more d e t a i l . 
The use o f h y p o c h l o r o u s a c i d i n v o l v e s t h e a d d i t i o n o f a 
known q u a n t i t y o f h y p o c h l o r o u s a c i d t o an amine i n an o r g a n i c 
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s o l v e n t , t h e r e a c t i o n b e i n g coo led , p r e f e r a b l y t o below 0°C, as 
With t h e h y p o c h l o r i t e r o u t e . The r e q u i r e m e n t t h a t the r e a c t i o n be 
c a r r i e d o u t a t as low a t e m p e r a t u r e as p o s s i b l e , i s d i f f i c u l t t o 
a ch i eve in p r a c t i c e f o r t h e f a t t y amines. Th i s d i f f i c u l t y a r i s e s 
f r o m t h e poor s o l u b i l i t y o f these amines in most o r g a n i c s o l v e n t s 
e s p e c i a l l y a t t h e r e a c t i o n t e m p e r a t u r e s r e q u i r e d . These amine a re 
o n l y s o l u b l e t o any p r a c t i c a l l y u s e f u l e x t e n t i n a l i m i t e d number 
o f s o l v e n t s , such as c h l o r o f o r m and t o l u e n e . Even in these 
s o l v e n t s t h e s o l u b i l i t y i s c o n s i d e r a b l y r e d u c e d a t o r below 0°C 
As t h e r e a c t i o n r e q u i r e d t h e h y p o c h l o r o u s a c i d t o be 
d i s s o l v e d i n an o r g a n i c s o l v e n t a p r e l i m i n a r y s e r i e s o f 
e x p e r i m e n t s were c o n d u c t e d t o f i n d t h e most s u i t a b l e s o l v e n t s f o r 
t h i s p u r p o s e . These c o n s i s t e d o f t h e g e n e r a t i o n o f h y p o c h l o r o u s 
a c i d , by t h e r e a c t i o n o f sodium h y p o c h l o r i t e s o l u t i o n and 
h y d r o c h l o r i c a c i d , i n t h e presence o f t h e s o l v e n t under t e s t . The 
r e a c t i o n was p e r f o r m e d between - 1 0 ° C and 0°C w i t h v i g o r o u s 
s t i r r i n g , t h e h y d r o c h l o r i c a c i d be ing added d ropwise so as t o 
a v o i d l o c a l h e a t i n g , due t o t h e e x o t h e r m i c n a t u r e o f t h e 
r e a c t i o n . The l a t t e r a l so he lps t o s u p p r e s s t h e l i b e r a t i o n o f 
c h l o r i n e caused by t h e d e c o m p o s i t i o n o f t h e h y p o c h l o r o u s a c i d in 
t h e p resence o f a l o c a l excess o f h y d r o g e n c h l o r i d e . The 
mechanism f o r which i s l i k e l y t o be : -
HOCl + HCl * H^OCl"^ + C l " 5 * H2O + Cl"^ 
Cl"^ + C l " 3» CI2 
The d r o p w i s e a d d i t i o n o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d was 
c o n t i n u e d u n t i l t h e pH o f t h e aqueous l a y e r was a b o u t 6 t o 6.5, 
a t which pH v i r t u a l l y a l l t h e h y p o c h l o r i t e i s i n t h e f o r m of 
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h y p o c h l o r o u s a c i d ( 1 ). The m i x t u r e was t hen a l lowed t o s e p a r a t e 
in t o phases and t h e o r g a n i c l a y e r removed. The remain ing aqueous 
l a y e r was e x t r a c t e d w i t h f u r t h e r p o r t i o n s o f t h e o r g a n i c s o l v e n t , 
t h e e x t r a c t s were combined and d r i e d o v e r a n h y d r o u s ca lc ium 
c h l o r i d e . The q u a n t i t y o f h y p o c h l o r o u s a c i d e x t r a c t e d was then 
d e t e r m i n e d by i o d o m e t r i c t i t r a t i o n o f t h e o r g a n i c hypoch lo rous 
a c i d s o l u t i o n : -
HOCl + HCl * H^O + C l ^ 
C l ^ + 2KI ^ I ^ + 2KC1 
4H^ + I „ + 2 S ^ 0 . ^ ~ ^ 2 1 " + S .O^^" + 2 H „ 0 
2 2 4 4 6 2 
The s o l v e n t s t r i e d were d i e t h y l e t h e r , m e t h y l e t h y l k e t o n e , 
c h l o r o f o r m and d i c h l o r o m e t h a n e . The r e s u l t s i n d i c a t e d t h a t 
m e t h y l e t h y l k e t o n e was t h e most e f f e c t i v e s o l v e n t , w i t h a b o u t 70 
- 80% o f t h e h y p o c h l o r i t e be ing c o n v e r t e d i n t o usab le 
h y p o c h l o r o u s a c i d . Thus s t r o n g s o l u t i o n s o f h y p o c h l o r o u s a c i d , up 
t o a b o u t 1.6H, c o u l d be made. These s o l u t i o n were s t a b l e f o r 
s e v e r a l d a y s i f k e p t c o l d i .e . below 0°C b u t decompose s lowly 
p o s s i b l y i n v o l v i n g c h l o r i n a t i o n o f t h e s o l v e n t , t h e y were 
g e n e r a l l y p r e p a r e d i r amedia t ly b e f o r e use. R e g a r d i n g t h e o t h e r 
s o l v e n t s , t h e c h l o r o c a r b o n s were no t as e f f i c i e n t a t e x t r a c t i n g 
t h e h y p o c h l o r o u s a c i d , and d i e t h y l e t h e r p r e s e n t e d a s e r i o u s 
p r o b l e m : On s e v e r a l occas ions t h e s o l u t i o n o f h y p o c h l o r o u s a c i d 
i n d i e t h y l e t h e r u n d e r w e n t a v i g o r o u s r e a c t i o n . The s o l u t i o n 
became r e l a t i v e l y warm and s t a r t e d t o b o i l and l i b e r a t i n g the 
h y p o c h l o r o u s a c i d i n t h e p r o c e s s . Th i s r e a c t i o n c o u l d no t be 
s t o p p e d by c o o l i n g o f t h e d i e t h l y e t h e r , even t o - 2 0 ° C . The 
r e a c t i o n was n o t due t o p e r o x i d e r a d i c a l s ( as p r i o r t e s t s f o r 
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p e r o x i d e c o n t a m i n a t i o n p r o v e d no r a d i c a l s were i n i t i a l l y p r e s e n t 
i n t h e e t h e r ) b u t seemed t o have an i n d u c t i o n p e r i o d t y p i c a l o f 
a r a d i c a l r e a c t i o n . I t was t h u s d e c i d e d t h a t d i e t h y l e t h e r shou ld 
n o t be used as a s o l v e n t f o r t h i s p rocess ; however, r e a s o n a b l y 
s t r o n g s o l u t i o n s ( >1H ) c o u l d be made and on a few i n s t a n c e s 
c h l o r i n a t i o n o f an amine was s u c c e s s f u l l y ach i eved u s i n g t h i s 
medium. 
For each s o l v e n t s t u d i e d , t h e o r g a n i c phase had a s l i g h t 
g r e e n / y e l l o w t i n g e s u g g e s t i n g t h a t some f r e e c h l o r i n e was a l so 
p r e s e n t i n s o l u t i o n . These s o l u t i o n s c o u l d no t be o b t a i n e d 
w i t h o u t some c h l o r i n e c o n t a m i n a t i o n and were used w i t h o u t f u r t h e r 
p u r i f i c a t i o n due t o p r a c t i c a l d i f f i c u l t i e s i n removing t h e 
c h l o r i n e . Thus t h e i o d o m e t r i c t i t r a t i o n s would ove r e s t i m a t e t h e 
amount o f h y p o c h l o r o u s a c i d p r e s e n t i n t h e s o l v e n t . 
As ment ioned e a r l i e r , t h e f a t t y amines a r e on ly r e a d i l y 
s o l u b l e i n a few o r g a n i c s o l v e n t s ; u n f o r t u n a t e l y m e t h y l -
e t h y l k e t o n e was a l s o f o u n d t o be u n s u i t a b l e due t o poor 
s o l u b i l i t y a t low t e m p e r a t u r e s ( i .e . - 1 0 ° C ). The c h l o r i n a t i o n 
o f f a t t y amines was hence c a r r i e d o u t by d i s s o l v i n g t h e amine in 
c h l o r o f o r m . The s o l u t i o n o f h y p o c h l o r o u s a c i d , which r e q u i r e d the 
use o f m e t h y l e t h y l k e t o n e as s o l v e n t , was added t o t h e amine 
s o l u t i o n i n c h l o r o f o r m d r o p w i s e , t h e whole sys tem be ing cooled t o 
- 1 0 ° C . The r e a c t i o n between an amine and h y p o c h l o r o u s a c i d i s 
h i g h l y e x o t h e r m i c , and t h u s e f f i c i e n t s t i r r i n g i s r e q u i r e d t o 
keep t h e t e m p e r a t u r e down t o below 0 ° C . 
The r e s u l t i n g s o l u t i o n o f N - c h l o r o a m i n e i n t h e mixed 
m e t h y l e t h y l k e t o n e / c h l o r o f o r m s o l v e n t c o u l d , i n t h e case o f t h e 
146 
s e c o n d a r y amines be p u r i f i e d by washing t h e s o l u t i o n w i t h aqueous 
s o l u t i o n s o f 10% sodium h y d r o x i d e f o l l o w e d by 5% s u l p h u r i c a c i d . 
For t h e s e c o n d a r y amines t h e c h l o r i n a t i o n was c a r r i e d o u t w i t h a 
5% excess o f t h e h y p o c h l o r o u s a c i d b u t i f t h i s were used f o r 
p r i m a r y amines t h e r e a c t i o n would t o d i c h l o r i n a t i o n , t o p roduce 
N , N - d i c h l o r o a m i n e as unwan ted b y - p r o d u c t . In b o t h cases the N -
ch lo roamine can be i s o l a t e d by remova l o f t h e s o l v e n t t o g i v e an 
o f f - w h i t e waxy s o l i d . 
The second method used t o p r e p a r e N-ch lo roamines i n v o l v e d 
t h e use o f amine h y d r o c h l o r i d e s a l t s , t hese h y d r o c h l o r i d e s a l t s 
had t o be p r e p a r e d f r o m t h e amine i t s e l f . As t h e f a t t y amines a r e 
v i r t u a l l y w a t e r i n s o l u b l e , t h e amine h y d r o c h l o r i d e s a l t s were 
p r e p a r e d by d i s s o l v i n g t h e amine in a s u i t a b l e s o l v e n t , u s u a l l y 
c h l o r o f o r m , and b u b b l i n g h y d r o g e n c h l o r i d e t h r o u g h the s o l u t i o n . 
The g e l a t i n o u s p r e c i p i t a t e s o f t h e amine h y d r o c h l o r i d e s can then 
be f i l t e r e d o f f , washed and d r i e d . The N-ch lo roamines were then 
p r e p a r e d by s t i r r i n g a m i x t u r e o f t h e amine s a l t , w i t h aqueous 
sodium h y p o c h l o r i t e s o l u t i o n a t room t e m p e r a t u r e f o r s e v e r a l days 
f o l l o w e d by c h l o r o f o r m e x t r a c t i o n . The c h l o r o f o r m l a y e r was d r i e d 
and t h e n used w i t h o u t f u r t h e r p u r i f i c a t i o n . 
The t h i r d method employed i n v o l v e d d i r e c t c h l o r i n a t i o n by 
N - c h l o r o s u c c i n i m i d e , f a c i l i t a t e d by s t i r r i n g t h e amine and t h e 
N - c h l o r o s u c c i n i m i d e i n c h l o r o f o r m a t room t e m p e r a t u r e ( 2 ) f o r 
24 h o u r s . 
e.g. H^C—C=0 H^C—C=0 
NH 
' 2 ^ - 2 




7.3. C a r b o n y l a t i o n o f t h e s econda ry f a t t y N-ch lo roamines u s ing 
a p a l l a d i u m (I I ) a c e t a t e / t r i p h e n y l p h o s p h i n e c a t a l y s t . 
A i m : - t o d e t e r m i n e t h e s u i t a b i l i t y o f N - c h l o r o -
d i a l k y l a m i n e s , p r e p a r e d by each of t h e above methods, f o r 
c o n v e r s i o n t o c a r b a m o y l c h l o r i d e s . 
7 .3 .1 . E x p e r i m e n t a l 
A s o l u t i o n o f N - c h l o r o a m i n e ( 0.02mol ) was p r e p a r e d u s ing 
one o f t h e above methods. In each case t h e s o l v e n t volume was 
a d j u s t e d t o 150ml a f t e r p r e p a r a t i o n . The N-ch lo roamine s o l u t i o n 
was t hen p l a c e d i n t o t h e a u t o c l a v e t o g e t h e r w i t h p a l l a d i u m (I I ) 
a c e t a t e ( 0 .0448g , 0.2mmol ) and t r i p h e n y l p h o s p h i n e ( O.lOg, 0.4 
mmol ). The sys tem was t h e n sea led , f l u s h e d o u t w i t h c a r b o n 
monoxide, p r e s s u r i s e d t o 50 b a r w i t h c a r b o n monoxide and s t i r r e d 
r a p i d l y a t room t e m p e r a t u r e o v e r n i g h t ( t o t a l r e a c t i o n t ime 14 
h o u r s ). A f t e r d e p r e s s u r i s a t i o n t h e p r o d u c t m i x t u r e was c o l l e c t e d 
and t h e s o l v e n t removed in vacuo . The c r u d e c a r b a m o y l c h l o r i d e 
was t h e n e x t r a c t e d w i t h h o t 4 0 ° C - 6 0 ° C p e t r o l e u m e t h e r , which 
s e l e c t i v e l y d i s s o l v e d any r e m a i n i n g N-ch lo roamine and t h e 
c a r b a m o y l c h l o r i d e , t o l e a v e any amine h y d r o c h l o r i d e s a l t . The 
e x t r a c t was t h e n s t r i p p e d o f t h e p e t r o l e u m e t h e r and p u r i f i e d by 
column c h r o m a t o g r a p h y u s i n g a 15 - 20 cm column o f K i e s e l g e l 60 
and e l u t e d w i t h c h l o r o f o r m . Th i s t r e a t m e n t removed any c a t a l y s t 
r e s i d u e , which a d h e r e d t o t h e t o p o f t h e column. The ca rbamoy l 
c h l o r i d e e l u t e d second f r o m t h e column, t h e f i r s t e l u t a n t h a v i n g 
s i m i l a r r . f . v a l u e s t o t h e s t a r t i n g N - c h l o r o a m i n e , and was 
p r e s e n t o n l y i n v e r y sma l l q u a n t i t i e s . The r e s u l t a n t c a r b a m o y l 
c h l o r i d e , a f t e r r e m o v a l o f t h e c h l o r o f o r m , was a p a l e ye l low waxy 
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s o l i d w h i c h m e l t e d a b o v e 3 5 ° C -
C h a r a c t e r i s a t i o n 
T h e c a r b a m o y l c h l o r i d e s w e r e c h a r a c t e r i s e d b y i n f r a - r e d 
s p e c t r o s c o p y a n d e l e m e n t a l a n a l y s i s . F o r c o m p a r i s o n p u r p o s e s 
a u t h e n t i c s a m p l e s o f c a r b a m o y l c h l o r i d e s w e r e p r e p a r e d u s i n g 
p h o s g e n e a n d t h e a p p r o p r i a t e a m i n e . T h i s r e a c t i o n was c a r r i e d o u t 
a l ow t e m p e r a t u r e s b y t h e a d d i t i o n , t o a t o l u e n e s o l u t i o n ( 12.5% 
w / w ) o f p h o s g e n e , a s o l u t i o n o f t h e a m i n e . The y i e l d s f r o m t h i s 
m e t h o d w e r e m o d e r a t e 4 0 - 50% t h e r e a c t i o n b e i n g c a r r i e d o u t w i t h 
a 50% e x c e s s o f t h e p h o s g e n e s o l u t i o n . I n e a c h c a s e t h e i n f r a - r e d 
s p e c t r a g a v e a c h a r a c t e r i s t i c p e a k d u e t o t h e c a r b a m o y l 
s t r e t c h i n g f r e q u e n c y b a n d a t 1 7 3 5 ( v s ) cm ^ a r i s i n g f r o m t h e 
RgNCOCl f u n c t i o n a l i t y . 
7 . 3 . 2 . D i s c u s s i o n 
As c a n b e s e e n f r o m T a b l e 7 . 1 . , t h e y i e l d s o b t a i n e d v a r i e d 
f r o m 0% t o 75%. I n t h e c a s e o f t h e r e a c t i o n b e t w e e n N - c h l o r o -
s u c c i n i m i d e a n d d i ( n - h e x a d e c y l ) a m i n e ' i n s i t u ' , t h e r e a c t i o n 
f a i l e d t o p r o d u c e a n y c a r b o n y l a t e d p r o d u c t a l t h o u g h c h l o r i n a t i o n 
d i d o c c u r ( a s i n d i c a t e d b y t h e p r e s e n c e o f an N - C l s t r e t c h i n g 
f r e q u e n c y b a n d a t a b o u t 7 5 0 cm ^ i n t h e i n f r a - r e d s p e c t r u m ). The 
r e a c t i o n f a i l e d p r e s u m a b l y f o r s i m i l a r r e a s o n s t o t h o s e d i s c u s s e d 
i n s e c t i o n 6 . 3 . 2 . n a m e l y t h e p r e s e n c e o f f r e e a m i n e . I n t h i s c a s e 
a n d i n t h e p r e v i o u s e x a m p l e s t h e c a t a l y s t was r e c o v e r e d a s a g r e y 
p o w d e r w h i c h w a s n o t i n f r a - r e d a c t i v e . T h i s i n d i c a t e s t h a t 
r e d u c t i o n o f t h e p a l l a d i u m h a d o c c u r r e d , b u t t h a t t h e z e r o v a l e n t 
c a t a l y t i c s p e c i e s c o u l d n o t be s t a b i l i s e d u n d e r t h e c o n d i t i o n s 
u s e d . 
149 
T a b l e 7 . 1 . 
S y s t e m % Y i e l d 
D i ( n - h e x a d e c y l ) N C 1 / P d ( a c e t a t e ) ^ / F F h ^ 7 5 
D i ( C 0 C 0 ) N C 1 / P d ( a c e t a t e ) 2 / P P h 3 7 3 
D i ( n - o c t a d e c y l ) N C 1 / P d ( a c e t a t e ) 2 / P P h 3 7 2 
D i ( n - h e x a d e c y l ) N C l ^ / P d ( a c e t a t e ) 2 / P P h 2 0 
D i ( n - o c t a d e c y l ) N C l ^ / P d ( a c e t a t e ) 2 / P P h 3 0 
D i ( n - h e x a d e c y l ) N C l / P d C l 2 6 8 
D i ( n - o c t a d e c y l ) N C l / P d C l ^ 6 7 
D i ( n - h e x a d e c y l ) N C 1 ^ / P d ( a c e t a t e ) 2 / P P h 3 10 
D i ( n - h e x a d e c y l ) N C 1 ^ / P d ( a c e t a t e ) 2 / P P h 3 11 
C o n d i t i o n s - * - N - c h l o r o a m i n e 0 . 0 2 m o l 
P a l l a d i u m s a l t 0 . 2 mraol 
T r i p h e n y l p h o s p h i n e 0 . 4 mmol 
5 0 B a r , r o o m t e m p e r a t u r e , 14 h o u r s 
^ N - c h l o r o a m i n e p r e p a r e d f r o m a m i n e a n d N - c h l o r o s u c c i n i m i d e 
^ N - c h l o r o a m i n e p r e p a r e d f r o m a m i n e h y d r o c h l o r i d e a n d NaOCl s o l . 
D i ( C O C O ) a m i n e i s d e r i v e d f r o m t h e c o c o a p l a n t a n d i s a m i x t u r e o f 
^ 1 2 ' ^ 1 4 ^ 1 6 ^ ^ ^ y ^ c h a i n s . 
A n a l y s i s o f p r o d u c t s 
F o r ( C , o H ^ „ ) ^ N C O C l r e q u i r e s C 7 6 . 0 4 % , H 1 2 . 7 6 % , N 2 . 4 0 % a n d 
C I 6 . 0 7 % . F o u n d C 7 5 . 2 % , H 1 1 . 7 9 % , N 2 . 3 % a n d C I 5 . 9 % . 
F o r ( C ^ g H 3 3 ) 2 N C 0 C l : - r e q u i r e s C 7 5 . 0 2 % , H 1 2 . 5 9 % , N 3 . 0 3 % a n d 
C I 6 . 7 1 % . F o u n d C 7 6 . 0 % , H 1 3 . 4 2 % , N 2 . 9 % a n d C I 6 . 5 % . 
The y i e l d o f c a r b a m o y l c h l o r i d e f r o m c a r b o n y l a t i o n o f N -
c h l o r o a m i n e , p r e p a r e d v i a t h e a m i n e h y d r o c h l o r i d e a n d s o d i u m 
h y p o c h l o r i t e r o u t e was a l s o p o o r . T h i s i n d i c a t e s t h a t t h e d i r e c t 
r e a c t i o n b e t w e e n a n i n s o l u b l e a m i n e h y d r o c h l o r i d e s a l t a n d 
a q u e o u s s o d i u m h y p o c h l o r i t e i s n o t v e r y e f f i c i e n t . T h i s r e a c t i o n 
i s k n o w n t o g i v e g o o d y i e l d s when t h e a m i n e u s e d i s s o l u b l e ( 3 
) . T h e H y p o c h l o r i t e i o n i s k n o w n t o u n d e r g o t h e f o l l o w i n g 
e q u i l i b r i u m ( 4 ) : -
NaOCl + H2O ^ ^ NaOH + HOCl 
H o w e v e r , u n d e r t h e s t r o n g l y a l k a l i n e c o n d i t i o n s p r e s e n t i n 
a 1.5M s o l u t i o n o f t h e h y p o c h l o r i t e t h e e q u i l i b r i u m l i e s w e l l t o 
t h e l e f t . T h u s t h e r e i s l i t t l e f r e e h y p o c h l o r o u s a c i d p r e s e n t t o 
u n d e r t a k e c h l o r i n a t i o n . As a c o n s e q u e n c e i t seems l i k e l y t h a t 
u n l e s s a one p h a s e r e a c t i o n b e t w e e n a n a m i n e h y d r o c h l o r i d e a n d 
s o d i u m h y p o c h l o r i t e i s p o s s i b l e , t h e n t h e y i e l d o f N - c h l o r o a m i n e 
a n d h e n c e c a r b a m o y l c h l o r i d e w i l l be l o w . 
I n t h e c a s e o f c a r b o n y l a t i o n o f N - c h l o r o a m i n e s p r e p a r e d 
f r o m h y p o c h l o r o u s a c i d , a s a m e t h y l e t h y l k e t o n e s o l u t i o n , t h e 
y i e l d o f c a r b o n y l a t e d p r o d u c t s w e r e g o o d , t h o u g h t h e q u a n t i t i e s 
o b t a i n e d w e r e s l i g h t l y d o w n on t h o s e o b t a i n e d f o r t h e o t h e r 
d i a l k y l a m i n e s r e p o r t e d i n s e c t i o n 6 . 2 . 1 . a n d b y S a e g u s a ( 5 ) f o r 
p i p e r i d i n e . The r e a s o n may be d u e t o s e v e r a l f a c t o r s one o f w h i c h 
may be t h e p r e s e n c e o f f r e e c h l o r i n e i n t h e o r i g i n a l h y p o c h l o r o u s 
a c i d s o l u t i o n , w h i c h w i l l a f f e c t t h e y i e l d , b y o v e r e s t i m a t i n g 
t h e a m o u n t o f h y p o c h l o r o u s a c i d i n s o l u t i o n . T h e m e t h o d u s e d t o 
s t a n d a r d i s e t h e a c i d s o l u t i o n w o u l d a l s o i n c l u d e t h i s c h l o r i n e 
i m p u r i t y a n d h e n c e g i v e a n a r t i f i c i a l l y h i g h r e a d i n g f o r t h e 
151 
a m o u n t o f h y p o c h l o r o u s a c i d p r e s e n t . The s e c o n d ma in r e a s o n c o u l d 
be t h e p o o r e r c o n t r o l o f t e m p e r a t u r e d u r i n g t h e c h l o r i n a t i o n 
s t e p , d u e t o t h e v e r y e x o t h e r m i c n a t u r e o f t h e r e a c t i o n . The 
e x o t h e r m i c n a t u r e p r e s u m a b l y a r i s e s i n p a r t b y p r o t o n a t i o n o f t h e 
a m i n e b y t h e a c i d . A l s o t h e p o o r s o l u b i l i t y o f t h e amine a t low 
t e m p e r a t u r e s w h i c h made i t p r a c t i c a l l y d i f f i c u l t t o m a i n t a i n t h e 
a m i n e i n s o l u t i o n . 
I n e a c h c a s e no d i f f e r e n c e s w e r e o b s e r v e d u s i n g a m i n e s o f 
d i f f e r e n t c h a i n l e n g t h s . T h e d i c o c o a m i n e i s d e r i v e d f r o m t h e 
c o c o a p l a n t a n d i s a m i x t u r e o f n - d o d e c y l , n - t e t r a d e c y l a n d n -
h e x a d e c y l a l k y l c h a i n s . T h i s means t h a t t h e a m i n e may h a v e t w o 
d i f f e r e n t c h a i n l e n g t h s a t t a c h e d t o one n i t r o g e n . The y i e l d s f o r 
t h i s a m i n e w e r e b a s e on a c a l c u l a t e d a v e r a g e m o l e c u l a r w e i g h t o f 
a m i n e . 
7 . 4 . C a r b o n y l a t i o n o f p r i m a r y f a t t y N - c h l o r o a m i n e s u s i n g 
p a l l a d i u m ( I I ) a c e t a t e / t r i p h e n y l p h o s p h i n e c a t a l y s t . 
Aim : - t o d e t e r m i n e t h e e f f e c t o f d i f f e r e n t m e t h o d s f o r p r e p a r i n g 
N - c h l o r o m o n o a l k y l a m i n e s on t h e y i e l d o f c a r b o n y l a t e d s p e c i e s . 
7 . 4 .1 E x p e r i m e n t a l 
As b e f o r e a s o l u t i o n o f t h e a b o v e N - c h l o r o a m i n e ( 0 . 0 2 m o l 
) was p r e p a r e d u s i n g one o f t h e a b o v e m e t h o d s a n d t h e r e s u l t i n g 
s o l u t i o n c a r b o n y l a t e d a s i n s e c t i o n 7 . 3 . 1 . A f t e r d e p r e s s u r i s a t i o n 
o f t h e r e a c t i o n v e s s e l t h e s o l u t i o n was s t r i p p e d o f t h e s o l v e n t 
a n d t h e r e s i d u e e x t r a c t e d u s i n g h o t 4 0 - 6 0 ° C p e t r o l e u m e t h e r 
l e a v i n g a n y a m i n e h y d r o c h l o r i d e p r e s e n t b e h i n d . T h e s o l v e n t was 
t h e n r e p l a c e d b y c h l o r o f o r m a n d t h e r e s u l t i n g s o l u t i o n r e f l u x e d 
w i t h a n e x c e s s o f a n i l i n e f o r s e v e r a l h o u r s t h e n a l l o w e d t o c o o l . 
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T h i s p r o c e s s was u s e d t o c o n v e r t t h e i s o c y a n a t e / c a r b a m o y l 
c h l o r i d e m i x t u r e i n t o a n N - p h e n y l u r e a d e r i v a t i v e . The c r u d e 
m i x t u r e was w a s h e d s e v e r a l t i m e s w i t h d i l u t e h y d r o c h l o r i c a c i d 
f o l l o w e d b y w a t e r . T h i s r e m o v e d a n y e x c e s s a n i l i n e a s t h e amine 
h y d r o c h l o r i d e . T h e c h l o r o f o r m s o l v e n t was t h e n r e m o v e d , a n d t h e 
c r u d e s o l i d m i x t u r e a g a i n s o l v e n t e x t r a c t e d w i t h h o t 4 0 - 6 0 ° C 
p e t r o l e u m e t h e r t o l e a v e a n o f f - w h i t e p o w d e r , t h e i n s o l u b l e u r e a 
d e r i v a t i v e . The p r o d u c t c o u l d be f u r t h e r p u r i f i e d b y c o l u m n 
c h r o m a t o g r a p h y u s i n g a s h o r t ( 10 - 15cm ) c o l u m n e l u t e d w i t h 
c h l o r o f o r m , o r b y r e c r y s t a l i s a t i o n f r o m a 5 0 / 5 0 m i x t u r e o f 
c h l o r o f o r m a n d 4 0 - 6 0 ° C p e t r o l e u m e t h e r . 
C h a r a c t e r i s a t i o n 
T h e p r o d u c t was c h a r a c t e r i s e d b y e l e m e n t a l a n a l y s i s , 3 0 0 
MHz n .m. r . a n d i n f r a - r e d s p e c t r o s c o p y , 
e . g . C^gHg.^NHCONHPh, mp. 1 0 0 - 1 0 1 ° C 
p e a k c e n t r e g r o u p r e l a t i v e i n t e n s i t y 
7 . 2 8 Ph 5 
6 . 4 9 P h N H - 1 
4 . 8 6 C ^ 8 " 3 7 ^ H - ' 
3 . 2 2 C^.^H3^CH2NH- 2 
1.26 a l k y l c h a i n 3 7 
e l e m e n t a l a n a l y s i s : - c 7 7 . 7 6 % , H 12.15% a n d N 7 .22% 
C ^ ^ H . ^ N ^ O r e q u i r e s C 7 7 . 2 7 % , H 11.41% a n d N 7 .20% 
2 5 4 4 2 ^ 
A u t h e n t i c s a m p l e s o f t h e u r e a s w e r e p r e p a r e d b y r e a c t i o n o f 
p h e n y l i s o c y a n a t e a n d t h e r e q u i r e d a m i n e . P r e p a r a t i o n f r o m 
p h o s g e n e a s w i t h t h e d i a l k y l a m i n e s a b o v e , was a l s o a t t e m p t e d . 
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H o w e v e r i n t h i s c a s e t h e y i e l d s w e r e f o u n d t o be p o o r 10 - 20%. 
T h e i n f r a - r e d a l s o i n d i c a t e d t h a t f o r m a t i o n o f t h e d i s u b s t i t u t e d 
u r e a h a d t a k e n p l a c e , b y t h e p r e s e n c e o f c h a r a c t e r i s t i c N - H a n d 
C=0 s t r e t c h i n g f r e q u e n c y b a n d s a t 3 2 1 0 a n d 1 6 6 0 cm ^ 
r e s p e c t i v e l y . 
7 . 4 . 2 . D i s c u s s i o n 
T h e r e s u l t s a r e s h o w n i n T a b l e 7 . 2 . a n d i n d i c a t e t h a t o n l y 
p o o r t o m o d e r a t e y i e l d s a r e o b t a i n e d . As w i t h t h e s e c o n d a r y 
a m i n e s , t h e y i e l d s o b t a i n e d when t h e a m i n e h y d r o c h l o r i d e was u s e d 
i n t h e p r e p a r a t i o n o f t h e N - c h l o r o a m i n e w e r e p o o r . The r e a s o n 
m u s t a g a i n be t h e p o o r r e a c t i o n b e t w e e n s o d i u m h y p o c h l o r i t e a n d 
t h e a m i n e h y r o c h l o r i d e u n d e r t h e c o n d i t i o n s e m p l o y e d , g i v i n g a 
l o w y i e l d o f t h e N - c h l o r o a m i n e . 
T h e y i e l d s o b t a i n e d f r o m N - c h l o r o a m i n e s d e r i v e d f r o m 
h y p o c h l o r o u s a c i d , a r e s i m i l a r t o t h e y i e l d s o b t a i n e d f o r o t h e r 
p r i m a r y a m i n e s . I n f r a - r e d s p e c t r a l a n a l y s i s o f t h e r e s u l t i n g 
p r o d u c t m i x t u r e s show t h e p r e s e n c e o f b o t h i s o c y a n a t e a n d 
c a r b a m o y l c h l o r i d e . T h e f o r m a t i o n o f i s o c y a n a t e means t h a t a g a i n 
h y d r o g e n c h l o r i d e h a s b e e n f o r m e d v i a e l i m i n a t i o n f r o m t h e 
c a r b a m o y l c h l o r i d e . 
i . e . RNHCOCl > KN=C=0 + HCl 
T h e l o w e r y i e l d s o b t a i n e d f o r p r i m a r y a m i n e s m u s t be i n 
p a r t d u e t o t h i s a c i d p r o d u c t i o n , b e c a u s e f o r m a t i o n o f h y d r o g e n 
c h l o r i d e i s a l w a y s a c c o m p a n i e d b y a m i n e h y d r o c h l o r i d e f o r m a t i o n . 
A n o t h e r c o n t r i b u t a r y e f f e c t may be t h e p o o r e l e c t r o n d o n a t i n g 
a b i l i t y o f h y d r o g e n . I n t h e c a s e o f d i a l k y l a m i n e s t h e t w o a l k y l 
g r o u p s c a n o f f s e t t h e e l e c t r o n w i t h d r a w i n g e f f e c t o f t h e c h l o r i n e 
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T a b l e 7 . 2 . 
S y s t e m 
( n - d o d e c y l ) N H C 1 / P d ( a c e t a t e ) ^ / P P h ^ 
( n - h e x a d e c y 1 ) NHC 1 / P d ( a c e t a t e ) 2^'^'^^3 
( n - o c t a d e c y 1 ) N H C 1 / P d ( a c e t a t e ) ^ / F P h ^ 
( n - d o d e c y l ) N H C l / P d C l 2 
( n - h e x a d e c y 1 ) N H C l / P d C l 2 
( n - o c t a d e c y l ) N H C l / P d C l 2 
( n - h e x a d e c y 1 ) N H C 1 ^ / P d ( a c e t a t e ) ^ / P P h g 
( n - h e x a d e c y 1 ) N H C 1 ^ / P d ( a c e t a t e ) ^ / P P h ^ 







t r a c e 
3 2 
C o n d i t i o n s : - N - c h l o r o a m i n e 0 . 0 2 m o l 
P a l l a d i u m s a l t 0 . 2 mmol 
T r i p h e n y l p h o s p h i n e 0 . 4 mmol 
5 0 B a r , r o o m t e m p e r a t u r e , 14 h o u r s 
^ N - c h l o r o a m i n e p r e p a r e d f r o m a m i n e h y d r o c h l o r i d e a n d NaOCl s o l 
^ N - c h l o r o a m i n e p r e p a r e d f r o m a m i n e a n d N - c h l o r o s u c c i n i m i d e 
a t o m . W i t h p r i m a r y a m i n e s h o w e v e r , t h e r e i s o n l y one a l k y l g r o u p 
t o o f f s e t t h e e l e c t r o n w i t h d r a w i n g e f f e c t . T h u s t h e N - c h l o r o -
a m i n e s W i t h one a l k y l g r o u p s h o u l d be p o o r e r o - d o n o r s t h a n t h e 
s e c o n d a r y N - c h l o r o a m i n e s , a n d h e n c e s h o u l d c o - o r d i n a t e much l e s s 
r e a d i l y . I f c o - o r d i n a t i o n o f t h e a m i n e t o a m e t a l c o n t a i n i n g 
s p e c i e s i s a s l o w r a t e d e t e r m i n i n g s t e p , t h e n t h e y i e l d m e a s u r e d 
a f t e r a s e t l e n g t h o f t i m e w i l l r e f l e c t t h e d i f f e r e n t c o -
o r d i n a t i o n p r o p e r t i e s o f t h e s e l i g a n d s . 
i . e . P d L + R R ' N - C l . > P d L ( R K ' N - C l ) 
n ^ m 
I n t h e c a s e o f p r i m a r y a m i n e s ( i . e . R' = H ) t h e e q u i l i b r i u m 
s h o u l d l i e m o r e t o t h e l e f t c o m p a r e d t o t h e c a s e when a s e c o n d a r y 
a m i n e i s u s e d ( i . e . R,R' = a l k y l ) . 
7 . 5 . R e a c t i o n b e t w e e n t r i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m 
c a r b o n y l a n d N - c h l o r o d i a l k y l a m i n e s . 
A i m : - t o p r e p a r e c o m p l e x e s w h i c h may be i n v o l v e d i n t h e c a t a l y t i c 
r e a c t i o n . 
7 . 5 . 1 . E x p e r i m e n t a l 
T r i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m c a r b o n y l was p r e p a r e d 
b y s t a n d a r d m e t h o d s ( 6 ) ; t h i s i n v o l v e d t h e h e a t i n g o f a 
s o l u t i o n o f a n e x c e s s o f t r i p h e n y l p h o s p h i n e w i t h p a l l a d i u m ( I I ) 
a c e t a t e i n m e t h a n o l . T h e r e a c t i o n b e i n g c a r r i e d o u t u n d e r a 
c a r b o n m o n o x i d e a t m o s p h e r e . A c h l o r o f o r m s o l u t i o n o f N - c h l o r o d i -
e t h y l a m i n e w a s p r e p a r e d f r o m d i e t h y l a m m o n i u m c h l o r i d e a n d s o d i u m 
h y p o c h l o r i t e , f o l l o w e d b y s o l v e n t e x t r a c t i o n a n d p u r i f i c a t i o n b y 
w a s h i n g w i t h d i l u t e s u l p h u r i c a c i d a n d d i l u t e s o d i u m h y d r o x i d e 
s o l u t i o n s . T h e N - c h l o r o a m i n e s o l u t i o n was t h e n d r i e d o v e r c a l c i u m 
c h l o r i d e b e f o r e b e i n g d e g a s s e d b y f r e e z e t h a w c y c l e s . N - c h l o r o -
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a m i n e ( O .Olmol ) i n c h l o r o f o r m ( 5ml ) was t h e n s y r i n g e d i n t o 
t h e p a l l a d i u m c a r b o n y l s o l u t i o n , a g a i n s t a c o u n t e r c u r r e n t o f d r y 
n i t r o g e n . T h e r e s u l t i n g s o l u t i o n was t h e n s t i r r e d a t r o o m 
t e m p e r a t u r e , t h e r e a c t i o n b e i n g f o l l o w e d b y i n f r a - r e d 
s p e c t r o s c o p y . A f t e r 2 4 h o u r s t h e s o l u t i o n was r e d u c e d t o d r y n e s s 
u n d e r v a c u u m , t h e n t h e p a l e y e l l o w r e s i d u e was w a s h e d w i t h 
d i e t h y l e t h e r ( lOml ) a n d h e x a n e ( 2 0 m l ) b e f o r e f i n a l l y b e i n g 
p u m p e d d r y ' i n v a c u o ' . E l e m e n t a l a n a l y s i s o f t h e s o l i d g a v e Pd 
16.0%, P 8.25%, CI 10.4%, C 63 .1% a n d H 6.2%. P d ( P P h 3 ) 2 C l 2 
r e q u i r e s Pd 15.1%, P 8.84%, CI 10.1%, C 61.6% a n d H 4.3%. 
T h e i n f r a - r e d s p e c t r u m ( n u j o l m u l l ) i n d i c a t e d t h a t no 
c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s w e r e p r e s e n t a n d t h e s p e c t r u m 
was i d e n t i c a l t o a n a u t h e n t i c s a m p l e o f ?d(?Fh^)^Cl2. The s o l i d 
w a s a l s o f o u n d t o be a i r a n d m o i s t u r e s t a b l e , a s no c h a n g e i n t h e 
i n f r a - r e d was o b s e r v e d a f t e r e x p o s u r e t o t h e a t m o s p h e r e . 
7 . 5 . 2 . D i s c u s s i o n 
No o r g a n i c p r o d u c t was d e t e c t e d ; h o w e v e r s i n c e t h e q u a n t i t y 
o f s t a r t i n g m a t e r i a l was s m a l l i t i s p o s s i b l e t h a t s u c h a p r o d u c t 
may n o t be d e t e c t a b l e b y t h e m e t h o d s e m p l o y e d . The f o r m a t i o n o f a 
p a l l a d i u m ( I I ) s p e c i e s f o r m a z e r o v a l e n t c o m p o u n d i n d i c a t e s t h a t 
t h e N - c h l o r o a m i n e s a r e b e h a v i n g a s o x i d i s i n g a g e n t s . T h r o u g h o u t 
t h e e x p e r i m e n t no new p e a k s w e r e o b s e r v e d i n t h e i n f r a - r e d 
s p e c t r u m ; t h e o n l y c h a n g e b e i n g n o t e d was t h e d i s a p p e a r a n c e o f 
t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d a t 1955 cm \ w h i c h 
o c c u r r e d s o o n a f t e r t h e a d d i t i o n o f t h e N - c h l o r o d i e t h y l a m i n e . 
S i m i l a r r e s u l t s w e r e f o u n d i n t h e r e a c t i o n b e t w e e n N - c h l o r o d i -
e t h y l a m i n e a n d o t h e r t r a n s i t i o n m e t a l c a r b o n y l c o m p l e x e s ; f o r 
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e x a m p l e i n t h e r e a c t i o n o f N - c h l o r o d i e t h y l a m i n e w i t h d i c o b a l t 
o c t a c a r b o n y l a r a p i d e v o l u t i o n o f g a s was o b s e r v e d w h i c h was 
c o m p l e t e a f t e r 15 m i n u t e s . D u r i n g t h i s p e r i o d t h e r e was a r a p i d 
d e c r e a s e i n t h e i n t e n s i t y o f t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y 
b a n d s i n t h e i n f r a - r e d s p e c t r u m , w i t h no new b a n d s b e i n g 
o b s e r v e d . The c o b a l t f i n a l l y e n d i n g u p a s s o l v a t e d c o b a l t ( I I ) 
c h l o r i d e . 
The r e s u l t s o b t a i n e d a r e q u a l i t a t i v e l y s i m i l a r t o t h o s e o f 
R y a n g e t a l ( 7 ) i n t h e i r w o r k w i t h n i c k e l t e t r a c a r b o n y l a n d N -
c h l o r o a m i n e s . A s i m i l a r r e a c t i o n p a t h w a y c o u l d be o c c u r r i n g i n 
t h e p r e s e n t s y s t e m : -
P d ( € 0 ) ( P P h 3 ) 3 P d ( C 0 ) L 2 + L 
Pd(CO)L^ + RR'NCl ^ RR 'N: - ) -Pd(CO)L^ 
\ ' 
CI 
R R ' N : ^ Pd(CO)L^ ^ RR 'N:—Pd(CO)L + L 
1 ^ / 
CI CI 
RR 'N :—Pd(CO)L + L ^ RR'NCOPdL^ 
I / ^ 
CI CI 
( L = CO, P P h g ) 
C a r b o x a m i d e c o m p l e x e s o f t h e t y p e shown a r e known f o r 
p a l l a d i u m , t h e s e a r e a i r a n d m o i s t u r e s t a b l e e x c e p t f o r l i g a n d s 
W i t h R' = H ( i . e . p r i m a r y a m i n e s ) w h i c h show some d e c o m p o s i t i o n 
on s t a n d i n g . I n t h e p r e s e n t c a s e t h e s e c o m p o u n d s w e r e p r e s u m a b l y 
n o t i s o l a t e d d u e t o t h e p r e s e n c e o f a n e x c e s s o f t h e N - c h l o r o -
a m i n e , w h i c h a s i n t h e n i c k e l c a s e , may u n d e r g o f u r t h e r r e a c t i o n 
t o g i v e o r g a n i c p r o d u c t s . 
R R ' N C 0 P d ( C l ) L 2 + RR'NCl > P d L 2 C l 2 + RR'NCONRR' 
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P a l l a d i u m c a r b o x a m i d e c o m p l e x e s w e r e o r i g i n a l l y p r e p a r e d b y 
d i r e c t r e a c t i o n o f p a l l a d i u m b i s ( t r i p h e n y l p h o s p h i n e ) d i c h l o r i d e 
w i t h a n a m i n e u n d e r a c a r b o n m o n o x i d e a t m o s p h e r e ( 8 ) : -
CO 
P d ( P P h 2 ) 2 C l 2 + 2RR'NH > Pd(PPh3)2(C0NRR')Cl 
0 ° C + RR'NH2C1 
A s e c o n d m e t h o d o f p r e p a r a t i o n , e m p l o y e d b y A n g e l i c i e t a l 
( 8 ), i n v o l v e d t h e u s e o f d i a l k y l c a r b a m o y l c h l o r i d e s a n d a z e r o 
v a l e n t p l a t i n u m o r p a l l a d i u m s p e c i e s e .g . P t ( P P h g ) ^ . I n t h i s 
r e a c t i o n t h e m a j o r p r o p o r t i o n o f t h e m e t a l e n d e d u p i n t h e f o r m 
o f t h e b i s ( t r i p h e n y l p h o s p h i n e ) d i c h l o r i d e c o m p l e x . T h e s e c o u l d 
h a v e b e e n f o r m e d v i a d e c a r b o n y l a t i o n o f t h e i n t e r m e d i a t e c a r b o x -
a m i d e c o m p l e x t o f o r m an N - c h l o r o a m i n e , f o l l o w e d b y a s i m i l a r 
r e a c t i o n t o t h a t o b s e r v e d i n t h i s w o r k . Two o t h e r p o s s i b l e 
r e a c t i o n s chemes c a n a l s o be e n v i s a g e d : T h e f i r s t i s o x a m i d e 
f o r m a t i o n : -
L^PdCONRR' + RR'NCOCl >• L „ P d C U + RR'NCOCONRR' 
2 [ 2 2 
CI 
T h e s e c o n d p o s s i b i l i t y i s h y d r a z i n e s y n t h e s i s v i a 
d e c a r b o n y l a t i o n o f t h e c a r b o x a m i d e c o m p l e x a n d s u b s e q u e n t 
r e a c t i o n o f t h e a m i d e c o m p l e x : -
2 L 2 P d N R R ' > L 2 P d C l 2 + RR 'N-NRR' + P d L 2 
( L = CO, P P h ^ ) 
T h e f o r m a t i o n o f c a r b o x a m i d e p a l l a d i u m c o m p l e x e s i n t h e 
r e a c t i o n w o u l d a l s o e x p l a i n t h e p o o r y i e l d s o b t a i n e d f r o m p r i m a r y 
a m i n e s , a s t h e s e s p e c i e s a r e u n s t a b l e i n a c i d i c s o l u t i o n s w i t h 
a c i d s w h o s e pK i s l e s s t h a n t h r e e ( 8 ) : -
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L 2 P d ( C l ) C 0 N R R ' + 2HX > [ L 2 P d ( C l ) C 0 ] X + RR'NH2X 
T h i s r e a c t i o n i s v e r y f a s t a n d t h u s e x p l a i n s why s o d i u m 
h y d r o g e n c a r b o n a t e a n d p o t a s s i u m h y d r o g e n c a r b o n a t e h a d no e f f e c t 
on t h e y i e l d s o b t a i n e d . B o t h o f t h e s e i n o r g a n i c b a s e s a r e 
i n s o l u b l e i n t h e r e a c t i o n m e d i a a n d h e n c e a n y r e a c t i o n b e t w e e n 
h y d r o g e n c h l o r i d e a n d t h e s o l i d b a s e i s l i k e l y t o be t o o s l o w t o 
p r e v e n t t h e r a p i d d e c o m p o s i t i o n o f t h e c a r b o x a m i d e c o m p l e x . The 
r e q u i r e m e n t t h a t a c i d s s h o u l d h a v e a pK o f l e s s t h a n t h r e e , t o 
c a u s e d e c o m p o s i t i o n , means t h a t e t h a n o i c a c i d c o u l d be p r e s e n t i n 
t h e r e a c t i o n m i x t u r e . T h u s i t i s c o n c e i v a b l e t h a t s o d i u m a c e t a t e 
may f u n c t i o n a s a s u i t a b l e b a s e i f a s o l v e n t c o u l d be f o u n d i n 
w h i c h i t i s s u f f i c i e n t l y s o l u b l e . 
7 . 6 . An i n - s i t u e x a m i n a t i o n o f t h e c a r b o n y l a t i o n o f 
N - c h l o r o a m i n e s b y i n f r a - r e d s p e c t r o s c o p y . 
7 . 6 . 1 . E x p e r i m e n t a l 
T h e i n f r a - r e d c e l l u s e d was t h e same a s t h e one d e t a i l e d i n 
t h e m e t h o x y c a r b o n y l a t i o n s t u d y a n d i s shown i n F i g u r e 2 . 1 . ( C h a p t e r 
2 ). T h e e x a m i n a t i o n i n v o l v e d t h e s t u d y o f t h r e e p a l l a d i u m 
c a t a l y s t s , n a m e l y p a l l a d i u m m e t a l , p a l l a d i u m ( I I ) c h l o r i d e a n d 
b i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m d i c h l o r i d e . T h e i n f r a - r e d 
s p e c t r a w e r e r e c o r d e d i n t h e r e g i o n 2 5 0 0 - 1 4 0 0 cm ^ The N -
c h l o r o a m i n e u s e d was N - c h l o r o d i m e t h y l a m i n e , w h i c h was p r e p a r e d b y 
r e a c t i o n o f d i m e t h y l a m m o n i u m c h l o r i d e w i t h s o d i u m h y p o c h l o r i t e a t 
0 ° C . T h e N - c h l o r o a m i n e was s o l v e n t e x t r a c t e d w i t h c h l o r o f o r m a n d 
r e a c t i o n s w e r e c a r r i e d o u t i n t h i s med ium. E a c h o f t h e c a t a l y s t s 
u s e d W i l l be d i s c u s s e d i n d e t a i l . 
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(a) P a l l a d i u m m e t a l 
P a l l a d i u m m e t a l was f r e s h l y p r e p a r e d b y r e d u c t i o n o f an 
a q u e o u s s o l u t i o n o f p a l l a d i u m c h l o r i d e w i t h h y d r a z i n e h y d r a t e , 
t h e s o l i d was f i l t e r e d o f f , w a s h e d w i t h m e t h a n o l a n d t h e n d r i e d 
i n v a c u o . T h e p a l l a d i u m m e t a l ( O . l g , l .Ommol ) was p l a c e d i n t o 
t h e i n f r a - r e d c e l l w i t h N - c h l o r o d i m e t h y l a m i n e ( 0 . 0 5 m o l ) i n 
c h l o r o f o r m . The s y s t e m was f l u s h e d o u t w i t h n i t r o g e n a n d 
p r e s s u r i s e d t o 6 5 B a r w i t h c a r b o n m o n o x i d e . The s o l u t i o n was 
h e a t e d t o 5 0 ° C a n d m o n i t o r e d i n t h e 1600 - 2 0 0 0 cm ^ r e g i o n . The 
i n f r a - r e d i n i t i a l l y s h o w e d no c a r b o n y l s t r e t c h i n g f r e q u e n c y 
b a n d s , b u t on h e a t i n g p e a k s a p p e a r e d a t 1 6 8 0 ( s ) , 1715(s) a n d 
1755(m) cm ^ A f t e r 15 m i n u t e s no f u r t h e r c h a n g e s t o t h e s e p e a k s 
o c c u r r e d , b u t t w o new c a r b o n y l p e a k s w e r e o b s e r v e d a t 2100(m) a n d 
2160(m) cm ^. T h e s e r e m a i n e d t h r o u g h o u t t h e e x p e r i m e n t w i t h t h e 
p e a k a t 1715cm ^ s t r e n g t h e n i n g . On c o o l i n g t h e p e a k s r e m a i n e d 
u n c h a n g e d , b u t a f t e r d e p r e s s u r i s a t i o n t h e p e a k s a t 2100 a n d 2160 
cm ^ d i s a p p e a r e d . 
(b) P a l l a d i u m ( I I ) c h l o r i d e 
P a l l a d i u m ( I I ) c h l o r i d e ( 0 . 9 g , 5mmol ) a n d N - c h l o r o d i -
m e t h y l a m i n e ( O.OSmol ) w e r e p l a c e d i n t h e a u t o c l a v e . The s y s t e m 
was f l u s h e d o u t w i t h n i t r o g e n , p r e s s u r i s e d t o 6 5 B a r , a n d h e a t e d 
t o 5 0 ° C . I n i t i a l l y a t r o o m t e m p e r a t u r e no c a r b o n y l s t r e t c h i n g 
f r e q u e n c y b a n d s w e r e o b s e r v e d b u t on r e a c h i n g 5 0 ° C a p e a k was 
f o u n d a t 2 1 4 0 ( s ) c m ~ \ A f t e r 15 m i n u t e s a t 5 0 ° C a b r o a d p e a k a t 
1 6 8 0 ( s ) cm~^ W i t h a n u n r e s o l v e d s h o u l d e r a t a p p r o x i m a t e l y 1760( s ) 
cm ^ w e r e d e t e c t e d . T h e s e p e a k s r e m a i n e d u n c h a n g e d on i n c r e a s i n g 
t h e p r e s s u r e t o 1 0 0 B a r , a n d d i d n o t c h a n g e w i t h t i m e . A f t e r 
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c o o l i n g a n d d e p r e s s u r i s a t i o n t h e p e a k a t 2140 cm ^ d i s a p p e a r e d 
b u t t h e p e a k s a t 1 6 8 0 - 1 7 6 0 cm ^ r e m a i n e d c o n s t a n t , 
(c) B i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m d i c h l o r i d e 
As b e f o r e b i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m d i c h l o r i d e ( 
l . O g , 1.4mmol ), w i t h N - c h l o r o d i m e t h y l a m i n e ( O.OSmol ) i n 
c h l o r o f o r m w e r e p l a c e d i n t h e a u t o c l a v e w h i c h was f l u s h e d w i t h 
n i t r o g e n , p r e s s u r i s e d t o 6 5 B a r w i t h c a r b o n m o n o x i d e a n d a g i t a t e d 
a t r o o m t e m p e r a t u r e . F o l l o w i n g p r e s s u r i s a t i o n c a r b o n y l s t r e t c h i n g 
f r e q u e n c y p e a k s a p p e a r e d a t 2120(m), 1755(w) a n d 1670(w) cm ^. 
A f t e r 15 m i n u t e s t h e s e p e a k s r e m a i n e d b u t t h e i r i n t e n s i t i e s h a d 
c h a n g e d . T h e p e a k s a t 1755 a n d 1670 cm ^ became s t r o n g e r a n d t h e 
p e a k a t 2 1 2 0 cm ^ w e a k e n e d ; a new p e a k a t 1715 (w,sh) cm ^ was 
a l s o o b s e r v e d . A f t e r a n o t h e r 15 m i n u t e s t h e t h r e e p e a k s a t 1670 , 
1715 a n d 1 7 5 5 c o a l e a s e d a n d t h e i r i n t e n s i t i e s i n c r e a s e d g r e a t l y . 
On e l e v a t i n g t h e p r e s s u r e t o 100 B a r no c h a n g e i n t h e p e a k s a t 
a r o u n d 1 7 0 0 cm ^ was o b s e r v e d , b u t t h e p e a k a t 2110 cm ^ c h a n g e d 
i t s i n t e n s i t y f r o m weak t o med ium. No f u r t h e r c h a n g e was o b s e r v e d 
on s t a n d i n g . A f t e r d e p r e s s u r i s a t i o n t h e p e a k s a t 2100 cm ^ 
d i s a p p e a r e d , b u t t h e p e a k s a t 1 6 7 0 , 1715 a n d 1755 cm ^ r e m a i n e d . 
7 . 6 . 2 . D i s c u s s i o n 
An a u t h e n t i c s a m p l e o f d i m e t h y l c a r b a m o y l c h l o r i d e i n 
c h l o r o f o r m g i v e s one c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d a t 1725 
cm ^. I t i s c l e a r f r o m t h e a b o v e r e s u l t s t h a t f o r m a t i o n o f t h e 
c a r b a m o y l c h l o r i d e o c c u r s i n t h e e a r l y s t a g e s o f t h e r e a c t i o n ; no 
i n d u c t i o n p e r i o d was n o t e d . The r e s u l t s a l s o i n d i c a t e t h a t t h e 
r a t e o f r e a c t i o n p r o b a b l y i n c r e a s e s w i t h i n c r e a s i n g t e m p e r a t u r e , 
t h i s c o n c l u s i o n b e i n g b a s e d on t h e s t r e n g t h o f t h e c a r b o n y l 
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s t r e t c h i n g f r e q u e n c y b a n d a t 1715 cm ^ w h i c h i n c r e a s e d i n t h e 
e a r l y s t a g e s o f t h e r e a c t i o n . I t i s a l s o c l e a r f r o m t h e s t u d y 
t h a t t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s o b s e r v e d a r e 
i n d e p e n d e n t o f t h e p a l l a d i u m s p e c i e s u s e d t o c a t a l y s e t h e 
r e a c t i o n . T h e s e b a n d s m u s t be d u e t o p a l l a d i u m c a r b o n y l s p e c i e s 
p r e s e n t i n s o l u t i o n , e x c e p t f o r t h e 1715 cm ^ p e a k w h i c h i s 
a s s i g n e d t o t h e c a r b a m o y l c h l o r i d e . The r e m a i n i n g t w o p e a k s 
c a n n o t , i n t h e c a s e o f t h e t r i p h e n y l p h o s p h i n e s t a b i l i s e d 
r e a c t i o n , be a s s i g n e d t o t h e c a r b a m o y l c o m p l e x 
(PPh2)2Pd(R2NC0) (Cl ) i s o l a t e d b y A n g e l i c i ( 8 ) , a s t h i s s p e c i e s 
h a s a c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d a t 1610 cm ^ T h e s e 
p e a k s a l s o - c a n n o t be a s s i g n e d t o o r g a n i c n i t r o g e n c o n t a i n i n g 
s p e c i e s a s m o s t c a r b o n y l c o m p o u n d s w i t h a n a d j a c e n t n i t r o g e n a t o m 
g i v e r i s e t o c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s i n t h e r e g i o n o f 
1 6 6 0 cm \ f o r e x a m p l e t h e u r e a s f o r m e d i n t h e c h a r a c t e r i s a t i o n 
o f t h e c a r b a m o y l c h l o r i d e s g i v e p e a k s a t 1660 cm ^ i n t h e i r 
i n f r a - r e d s p e c t r a . T h e r e a s o n f o r t h e l ow c a r b o n y l s t r e t c h i n g 
f r e q u e n c y i s d u e t o t h e i n t e r a c t i o n o f t h e n i t r o g e n l o n e p a i r 
w i t h t h e T f - s y s t e m o f t h e c a r b o n y l g r o u p , i . e . t h e f o l l o w i n g 
c a n o n i c a l s t r u c t u r e s c a n be e n v i s a g e d : -
O + 0 ~ 
// / 
R ^ N — C < ^ R „ N = C ^ \ ^ \ 
R' R' 
T h i s e f f e c t c a n a l s o be seen i n t h e c a r b o x a m i d e c o m p l e x e s , 
a s t h e s e c o m p o u n d s g i v e c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s a t 
l o w e r f r e q u e n c i e s t h a n t h e i r n o n - n i t r o g e n c o n t a i n i n g a n a l o g u e s . 
I n t h e c a s e o f t h e c a r b o x a m i d e c o m p l e x e s a f u r t h e r c a n o n i c a l 
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s t r u c t u r e c a n a l s o be e n v i s a g e d : -
O" 0 0 
+ 
R ^ N = C — P d L < > R ^ N — C — P d L < > R ^ N — C = P d L 
2 n 2 n 2 n 
T h i s e f f e c t i s o b s e r v e d b y a l o w e r i n g o f t h e c a r b o n y l s t r e t c h i n g 
f r e q u e n c y b a n d t o a r o u n d 1 6 0 0 cm \ 
T h e r e m a i n i n g p e a k s c a n n o t be a s s i g n e d t o a n y o r g a n i c 
s p e c i e s f o u n d t o be f o r m e d u s i n g t h i s c a t a l y s t , n o r c a n t h e y be 
a s s i g n e d t o a n y p a l l a d i u m c a r b o n y l s p e c i e s d o c u m e n t e d . T h e s e 
c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s may c o n c e i v a b l y be d u e t o 
s p e c i e s t h a t a r e n o t i n v o l v e d i n t h e m a i n r e a c t i o n p a t h w a y ; t h e y 
may i n s t e a d r e p r e s e n t a s i d e r e a c t i o n p r o d u c t . The p e a k a t 1670 
cm 
- 1 i s S i m i l a r t o t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y b a n d s f o r 
u r e a s , a m i d e s a n d f o r m a m i d e s ; t h e s e w e r e h o w e v e r n o t o b s e r v e d i n 
t h e p r o d u c t m i x t u r e s . The s e c o n d p e a k a t 1755 cm ^ i s n o t 
c h a r a c t e r i s t i c o f a n y p a r t i c u l a r n i t r o g e n c o n t a i n i n g s p e c i e s a n d 
i s p r e s u m a b l y d u e t o a c a r b o n y l g r o u p b o u n d t o p a l l a d i u m . 
T h e p e a k a t a r o u n d 2110 cm ^ may be d u e t o e i t h e r d i s s o l v e d 
c a r b o n m o n o x i d e o r t o a p a l l a d i u m c a r b o n y l s p e c i e s . The d e s i g n o f 
t h e i n f r a - r e d s p e c t r o m e t e r a c c o m m o d a t e s a r e f e r e n c e c e l l w h i c h 
s h o u l d c o m p e n s a t e f o r a b s o r p t i o n b y t h e s o l v e n t a n d d i s s o l v e d 
g a s . H o w e v e r t h e p a t h l e n g t h s i n t h e t w o c e l l s w e r e n o t e a s i l y 
m a t c h e d a n d may, i n f a c t , h a v e b e e n s l i g h t l y i m b a l a n c e d , 
p a r t i c u l a r l y u n d e r p r e s s u r e . 
T h i s w o u l d e x p l a i n t h e p e a k i n t h e 2 1 0 0 cm ^ r e g i o n d u e t o 
d i s s o l v e d c a r b o n m o n o x i d e t h o u g h i t i s n o r m a l l y c e n t r e d a t c .a . 
2 1 4 0 cm ^. A n o t h e r p o s s i b l e s o u r c e o f t h e b a n d a r o u n d 2100 cm ^ 
i s a p a l l a d i u m c a r b o n y l s p e c i e s . C a t i o n i c p a l l a d i u m ( I I ) 
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c a r b o n y l s s u c h a s L 2 P d ( C 0 ) C l ^ g i v e r i s e t o c a r b o n y l s t r e t c h i n g 
f r e q u e n c y b a n d s i n t h i s r e g i o n a n d t h e s e c o m p o u n d s c a n be r e a d i l y 
f o r m e d f r o m a p a l l a d i u m ( I I ) s a l t i n a c a r b o n m o n o x i d e 
a t m o s p h e r e . The e x i s t e n c e o f t h e s e s p e c i e s c a n n o t be p o s i t i v e l y 
i d e n t i f i e d u s i n g t h e c u r r e n t i n f r a - r e d c e l l d u e t o t h e r e a s o n 
s t a t e d a b o v e . H o w e v e r one may r e a s o n a b l y e x p e c t t h e f o r m a t i o n o f 
c a t i o n i c s p e c i e s t o o c c u r . 
P o s s i b l e a s s i g n m e n t s f o r t h e t w o p e a k s a t 1670 a n d 1755 
cm ^ may a r i s e f r o m t h e f o r m a t i o n o f a d o u b l e i n s e r t i o n s p e c i e s 
0 0 
\\ II 
i . e . C—C 
/ \ 
T h e c a r b o n y l g r o u p a d j a c e n t t o t h e n i t r o g e n i s e x p e c t e d t o 
h a v e a c a r b o n y l s t r e t c h i n g f r e q u e n c y a t a r o u n d 1660 cm ^ a n d t h e 
c a r b o n y l g r o u p a d j a c e n t t o t h e p a l l a d i u m t o g i v e a p e a k a t a r o u n d 
1 7 0 0 - 1 8 0 0 cm ^ A l t h o u g h d o u b l e i n s e r t i o n p r o d u c t s a r e known ( 9 
) , t h e i r f o r m a t i o n g e n e r a l l y o c c u r s u n d e r more f o r c i n g c o n d i t i o n s 
a n d t h e f o r m a t i o n o f s u c h s p e c i e s i s t h e r e f o r e u n l i k e l y i n t h e 
p r e s e n t s y s t e m w h i c h i n v o l v e s m i l d c o n d i t i o n s . 
7 . 7 . D i s c u s s i o n o f t h e r e a c t i o n m e c h a n i s m 
I t seems r e a s o n a b l e on t h e b a s i s o f t h e more 
c o m p r e h e n s i v e l y s t u d i e d c a r b o n y l a t i o n r e a c t i o n o f o r g a n o h a l i d e s 
t o p o s t u l a t e a n a n a l o g o u s r e a c t i o n p a t h w a y . T h e s e r e a c t i o n s 
i n v o l v e o x i d a t i v e a d d i t i o n o f a n o r g a n i c h a l i d e , u s u a l l y an a r y l 
d e r i v a t i v e , t o z e r o v a l e n t p a l l a d i u m s p e c i e s : -
i . e . PdCPPh^)^ + RX > Pd(PPh3)2(R)(X) + 2PPh3 
U n d e r a c a r b o n m o n o x i d e a t m o s p h e r e t h i s o - b o n d e d a r y l p a l l a d i u m 
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s p e c i e s c a n u n d e r g o i n s e r t i o n o f c a r b o n m o n o x i d e t o t h e a c y l 
c o r a p l e x : -
Pd(PPh2)2(R)(X) + CO > Pd(PPh2)2(C0R)(X) 
The r e a c t i o n i s b e l i e v e d t o p r o c e e d v i a t h e f o r m a t i o n , o f a 
f i v e c o - o r d i n a t e p a l l a d i u m s p e c i e s , e v i d e n c e c o m i n g f r o m t h e l a c k 
o f p h o s p h i n e e x c h a n g e i n t h e r e a c t i o n . T h e a c y l c o m p l e x t h u s 
g e n e r a t e d may u n d e r g o e i t h e r r e d u c t i v e e l i m i n a t i o n t o g i v e an 
a c y l h a l i d e , o r i f a n a l c o h o l i s p r e s e n t , a l c o h o l y s i s t o a n e s t e r 
w i t h t h e f o r m a t i o n o f a h y d r i d o - p a l l a d i u m s p e c i e s : -
i . e . ?d(??h^)^(CO-R)iX) > RCOX + LPdi??h^)^l 
Pd(PPh2)2(C0R)(X) + R'OH RCOOR' + Pd(PPhg)2HX 
I n t h e c a s e o f e s t e r s y n t h e s i s a b a s e w o u l d h a v e t o be p r e s e n t t o 
c o n v e r t t h e h y d r i d o - p a l l a d i u r a s p e c i e s t o a z e r o v a l e n t c o m p l e x : -
CO 
Pd(PPh3)2HX + R3N * Pd(PPh3)2(C0)2 + R3NHX 
B y p o s t u l a t i n g a s i m i l a r r e a c t i o n scheme f o r t h e c a r b o n y l a t i o n o f 
N - c h l o r o a m i n e s t h e r e a c t i o n c a n be e n v i s a g e d a s b e i n g c o m p o s e d o f 
t h r e e m a i n s t e p s : -
S t e p 1 o x i d a t i v e a d d i t i o n 
.NR2 
L P d + R„NC1 > L?d 
n 2 m 
S t e p 2 c a r b o n m o n o x i d e i n s e r t i o n 
NR2 ^ C O N R 
L Pd + CO > L Pd 
m \ \ 
\ l CI 
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2 
S t e p 3 r e d u c t i v e e l i m i n a t i o n 
^ C 0 N R 2 
L Pd > L Pd + R^NCOCl 
ra \ ^ m 2 
CI 
E a c h o f t h e s e s t a g e s w i l l be d i s c u s s e d i n d e t a i l . 
S t e p 1 o x i d a t i v e a d d i t i o n 
T h e o x i d a t i v e a d d i t i o n s t e p i s c e r t a i n l y more c o m p l e x t h a n 
t h e S i n g l e s t e p s u g g e s t e d a b o v e . The r e a c t i o n i s f a r more l i k e l y 
t o p r o c e e d t h r o u g h i n i t i a l c o - o r d i n a t i o n o f a n N - c h l o r o a m i n e t o a 
c o - o r d i n a t i v e l y u n s a t u r a t e d p a l l a d i u m c o m p l e x . The r e s u l t i n g c o -
o r d i n a t i o n c o m p l e x may t h e n u n d e r g o o x i d a t i v e a d d i t i o n o f t h e 
n i t r o g e n - c h l o r i n e b o n d . 
L Pd ^ ^ L , P d + L 
n n - 1 
L Pd ^ , P d - ^ : N R , 
n - 1 n - l j <L 
CI 
^ N R 2 
CI CI 
(D 
( L = CO, P P h g o r s o l v e n t ) 
T h e d i s a d v a n t a g e o f p r o p o s i n g i n t e r m e d i a t e s o f t h e t y p e ( I ) 
W i t h R2N l i g a n d s c o - o r d i n a t e d t o p a l l a d i u m , i s t h a t t h e s e 
c o m p l e x e s h a v e n o t b e e n i s o l a t e d t o d a t e : I n d i r e c t e v i d e n c e f o r 
t h e e x i s t a n c e o f s u c h c o m p l e x e s comes f r o m t h e o b s e r v a t i o n t h a t 
N - c h l o r o a m i n e w i l l r e a c t w i t h p a l l a d i u m (0) c o m p o u n d s , n a m e l y 
t r i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m c a r b o n y l , t o g i v e p a l l a d i u m 
d i c h l o r i d e c o m p l e x e s . T h i s i s e n v i s a g e d t o p r o c e e d v i a s u c c e s s i v e 
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o x i d a t i v e - a d d i t i o n o f t w o N - c h l o r o a m i n e s , f o l l o w e d b y r e d u c t i v e 
e l i m i n a t i o n o f a n o r g a n i c m o l e c u l e . 
R NCI 
R^NCl P d L ^ L^PdCCDNR^ = ^ ^ n ^ ^ ^ ^ 2 ^ oi~Sanic p r o d u c t 
The a l t e r n a t i v e e x p l a n a t i o n f o r t h i s o b s e r v a t i o n i s 
f o r m a t i o n o f f r e e c h l o r i n e b y d e c o m p o s i t i o n o f t h e N - c h l o r o a m i n e . 
T h e c h l o r i n e w i l l t h e n r e a c t w i t h a n y p a l l a d i u m (0) c o m p l e x e s t o 
g i v e p a l l a d i u m ( I I ) d i c h l o r i d e c o m p l e x e s . A l t h o u g h N - c h l o r o a m i n e s 
a r e k n o w n t o g i v e f r e e c h l o r i n e t h e r e a c t i o n i s o n l y r e a l l y 
i m p o r t a n t when a s t r o n g a c i d i s p r e s e n t , u s u a l l y h y d r o g e n 
c h l o r i d e . I t i s f e l t t h a t u n d e r t h e c o n d i t i o n s e m p l o y e d i n t h i s 
w o r k t h a t - c h l o r i n e e l i m i n a t i o n i s o f m i n o r i m p o r t a n c e , a n d t h u s 
t h e f o l l o w i n g r e a c t i o n s e q u e n c e i s o f l i t t l e s i g n i f i c a n c e : -
2 R 2 N - C I > R ^ N - N R ^ + CI2 
C U + L „ P d > L ^ P d C U 
I n t h i s w o r k , r e s u l t s h a v e b e e n o b t a i n e d t h a t a r e 
c o n s i s t e n t w i t h t h e f o r m a t i o n o f c o - o r d i n a t i v e l y u n s a t u r a t e d 
p a l l a d i u m s p e c i e s . T h e f i r s t o b s e r v a t i o n i s t h e l e v e l l i n g o f f i n 
t h e r a t e o f c a r b o n m o n o x i d e g a s u p t a k e a s t h e p r e s s u r e i s 
i n c r e a s e d f o r t h e c a t a l y t i c r e a c t i o n ( see F i g u r e 6 . 2 . ) . As one 
i n c r e a s e s t h e p r e s s u r e t h e r e w i l l be m o r e c a r b o n m o n o x i d e 
m o l e c u l e s a v a i l a b l e f o r c o m p l e x f o r m a t i o n , t h u s c o m p e t i t i o n 
b e t w e e n c a r b o n m o n o x i d e a n d N - c h l o r o a m i n e s f o r c o - o r d i n a t i o n 
S i t e s w i l l o c c u r . As c a r b o n m o n o x i d e i s a b e t t e r l i g a n d t h a n N -
c h l o r o a m i n e , d u e t o t h e e l e c t r o n w i t h d r a w i n g e f f e c t o f t h e 
c h l o r i n e a t o m m a k i n g t h e n i t r o g e n a t o m a p o o r e r o - d o n o r , t h e n 
c a r b o n m o n o x i d e w i l l p r e f e r e n t i a l l y c o - o r d i n a t e a n d t h u s r e d u c e 
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t h e n u m b e r o f p a l l a d i u m n i t r o g e n s p e c i e s f o r f u r t h e r r e a c t i o n . 
T h e f a c t t h a t a s p r e s s u r e i n c r e a s e s t h e r a t e o f g a s u p t a k e a l s o 
i n c r e a s e s , i s e x p l a i n e d b y f o r m a t i o n o f t h e c a r b o x a m i d e c o m p l e x 
i n s t e p 2 w h i c h i s d e p e n d e n t on t h e c o n c e n t r a t i o n o f c a r b o n 
m o n o x i d e ( a n d i s t h u s f a v o u r e d b y an i n c r e a s e i n p r e s s u r e ). 
The s e c o n d o b s e r v a t i o n , w h i c h s u p p o r t s t h e i n v o l v e m e n t o f 
c o - o r d i n a t i v e l y u n s a t u r a t e d p a l l a d i u m s p e c i e s , i s t h e p o i s o n i n g 
e f f e c t t h a t r e l a t i v e l y s m a l l a m o u n t s o f a m i n e b a s e s h a v e on t h e 
r e a c t i o n . As m e n t i o n e d a b o v e t h e N - c h l o r o a m i n e i s a p o o r c r - d o n o r 
d u e t o t h e e l e c t r o n w i t h d r a w i n g e f f e c t o f t h e c h l o r i n e a t o m . I n 
c o m p a r i s o n t h e a m i n e b a s e i s a b e t t e r l i g a n d b o t h on e l e c t r o n i c 
g r o u n d s a s s t a t e d a n d a l s o on s t e r i c g r o u n d s , a s t h e c h l o r i n e 
a t o m i s b u l k y m a k i n g t h e N - c h l o r o a m i n e m o l e c u l e a s t e r i c a l l y 
d e m a n d i n g l i g a n d . Hence a n y a m i n e p r e s e n t i n s o l u t i o n w i l l 
p r e f e r e n t i a l l y c o - o r d i n a t e a n d t h u s r e d u c e t h e n u m b e r o f 
p a l l a d i u m - N - c h l o r o a m i n e s p e c i e s , p r e s u m a b l y t o s u c h a n e x t e n t 
t h a t t h e c a t a l y t i c r e a c t i o n v i r t u a l l y c e a s e s . 
R ^ N - C l + L „ P d * - t N H R ^ ^ — L „ P d * : N R ^ + RNH^ 
CI 
I f t h e c o - o r d i n a t i o n o f t h e N - c h l o r o a m i n e m o l e c u l e o r t h e 
o x i d a t i v e a d d i t i o n o f t h e c h l o r i n e n i t r o g e n c o m p o u n d i s a r a t e 
d e t e r m i n i n g s t e p , t h e n a n y c h a n g e i n t h e n u m b e r o f s u c h s p e c i e s 
w i l l be r e f l e c t e d i n t h e y i e l d s a f t e r a g i v e n r e a c t i o n t i m e . T h u s 
i f c o m p o u n d s a r e p r e s e n t w i t h s i m i l a r c o - o r d i n a t i n g a b i l i t y a s 
N - c h l o r o a m i n e s , t h e n t h e y may be e x p e c t e d t o a f f e c t t h e y i e l d o f 
c a r b o n y l a t e d p r o d u c t s . T h i s i s i n f a c t t h e s i t u a t i o n f o u n d when 
one c h a n g e s t h e r e a c t i o n s o l v e n t t o h e t e r o - a t o r a s o l v e n t s s u c h as 
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m o n o g l y m e o r a c e t o n i t r i l e , S a e g u s a ( 5 ) f o u n d t h a t c o m p a r e d w i t h 
b e n z e n e t h e a b o v e g a v e l o w e r y i e l d s f o r s i m i l a r r e a c t i o n t i m e s . 
S t e p 2 c a r b o n m o n o x i d e i n s e r t i o n 
The s e c o n d s t e p i n he r e a c t i o n i n v o l v e s t h e c o n v e r s i o n o f 
t h e a m i d e c o m p l e x L 2 P d ( C l ) N R 2 i n t o t h e c a r b o x a m i d e c o m p l e x 
L 2 P d ( C l ) C 0 N R 2 . A l t h o u g h t h i s i s c l a s s i f i e d a s i n s e r t i o n o f c a r b o n 
m o n o x i d e , t h e p r o c e s s i n v o l v e s m i g r a t i o n o f t h e c o - o r d i n a t e d 
g r o u p o n t o t h e c a r b o n y l g r o u p . I n t h e p r e s e n t c a s e t h i s c a n be 
e n v i s a g e d a s i n t e r n a l n u c l e o p h i l i c a t t a c k o f t h e R2N l i g a n d on 
t h e c a r b o n y l g r o u p . T h i s s t e p o f t h e r e a c t i o n i n v o l v e s t w o 
p r o c e s s e s , t h e f i r s t i s l i g a n d m i g r a t i o n a n d t h e s e c o n d c o -
o r d i n a t i o n t o t h e v a c a n t s i t e c r e a t e d : -
LPd(C0) (Cl )NR2 ^ LPd(Cl )C0NR2 
L P d ( C l ) C 0 N R 2 + L > L2Pd(Cl )C0NR2 
( L = CO, P P h ^ o r s o l v e n t ) 
T h e r e a c t i o n may be t h e t w o s t e p s shown o r c o u l d be a 
s i n g l e s t e p i n w h i c h t h e i n c o m i n g l i g a n d may a s s i s t i n t h e 
m i g r a t i o n o f t h e NR2 g r o u p . 
E v i d e n c e f o r t h i s s t e p i n t h e r e a c t i o n comes f r o m t h e 
i s o l a t i o n o f p a l l a d i u m c a r b o x a m i d e c o m p l e x e s b y A n g e l i c i ( 8 ). 
T h e s e c o m p l e x e s w e r e i n i t i a l l y p r e p a r e d b y t w o ma in r o u t e s , t h e 
f i r s t i n v o l v e d t h e r e a c t i o n o f a p a l l a d i u m (0) c o m p l e x , i . e . 
t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m , w i t h a c a r b a m o y l 
c h l o r i d e . T h e s e c o n d m e t h o d r e q u i r e s r e a c t i o n o f 
b i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m d i c h l o r i d e w i t h a n amine u n d e r 
a c a r b o n m o n o x i d e a t m o s p h e r e . A l t h o u g h f o r p a l l a d i u m no c o m p l e x e s 
e x i s t w i t h o u t p h o s p h i n e l i g a n d s f o r n i c k e l s u c h s p e c i e s a r e 
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k n o w n i . e . [ H e 2 N C 0 N i ( C 0 ) ^ ] L i ^ ( 10 ). 
The f o r m a t i o n o f h y d r o g e n c h l o r i d e i n t h e r e a c t i o n med ium. 
V i a t h e d e c o m p o s i t i o n o f p r i m a r y c a r b a m o y l c h l o r i d e , was f o u n d t o 
d e p r e s s t h e y i e l d o f c a r b o n y l a t e d s p e c i e s . 
RNHCOCl > RN=C=0 + HCl 
I n t h e c a t a l y t i c s y s t e m h y d r o g e n c h l o r i d e c a u s e s 
p r o t o n a t i o n o f t h e n i t r o g e n i n t h e c a r b o x a m i d e g r o u p , f o l l o w e d b y 
l o s s o f a m i n e , w h i c h i n t h e p r e s e n c e o f a c i d i s c o n v e r t e d i n t o 
t h e h y d r o g e n c h l o r i d e s a l t . 
CONRH 
/ HCl 
L ^ P d > [L^Pd(CO)CnCl + RNH^ 
2 ^ 2 2 
CI 
RNH2 + HCl RNH^Cl 
T h i s p r o d u c t i o n o f h y d r o c h l o r i d e s a l t s a c c o u n t s f o r t h e 
m a j o r b y - p r o d u c t i n t h e c a r b o n y l a t i o n o f p r i m a r y a m i n e s . I t c a n 
b e s t b e e x p l a i n e d b y t h e a b o v e r e a c t i o n ; h o w e v e r t h e r e a r e t w o 
o t h e r p o s s i b l e e x p l a n a t i o n s . The f i r s t i s t h a t t h e r e a r e 
s i g n i f i c a n t q u a n t i t i e s o f f r e e a m i n e p r e s e n t i n t h e i n i t i a l N -
c h l o r o a m i n e s o l u t i o n r e s u l t i o n f r o m an i n e f f i c i e n t c h l o r i n a t i o n 
s t a g e . T h i s i s t h o u g h t t o be u n l i k e l y a s t h e s e p a r a t e a d d i t i o n o f 
a n a m i n e b a s e w a s f o u n d t o v i r t u a l l y s u p p r e s s t h e c a t a l y t i c 
r e a c t i o n . T h u s l a r g e q u a n t i t i e s o f a m i n e c a n n o t be i n i t i a l l y 
p r e s e n t i n t h e N - c h l o r o a m i n e . 
T h e s e c o n d p o s s i b i l i t y i s t h a t f r e e a m i n e i s b e i n g f o r m e d 
c o n t i n u a l l y i n s m a l l q u a n t i t i e s ; t h i s c o u l d a r i s e v i a t h e 
f o l l o w i n g e q u i l i b r i u m : -
2RNHC1 < RNH2 + RNCI2 
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A l t h o u g h t h i s r e a c t i o n i s r e p o r t e d t o o c c u r ( 17 ), i t i s t h o u g h t 
t o be o f m i n o r i m p o r t a n c e u n d e r t h e c o n d i t i o n s u s e d i n t h i s 
s t u d y . I n a s e p a r a t e e x p e r i m e n t a m i x t u r e o f t - o c t y l a m i n e a n d 
N , N - d i c h l o r o - t - o c t y l a m i n e w e r e s t i r r e d t o g e t h e r a t room 
t e m p e r a t u r e i n d i e t h y l e t h e r f o r s e v e r a l d a y s , b u t no t r a c e o f N -
c h l o r o - t - o c t y l a m i n e c o u l d be d e t e c t e d b y i n f r a - r e d s p e c t r o s c o p y . 
T h e c a r b o x a m i d e c o m p l e x c a n e x i s t i n t w o i s o m e r i c f o r m s ; 
t h e s e a r e c i s a n d t r a n s s q u a r e p l a n a r c o m p l e x e s : -
L CI CI L 
\ y \ / 
Pd Pd 
L CONR2 L CONR2 
c i s ( I l a ) t r a n s ( l i b ) 
The f o r m a t i o n o f b o t h o f t h e s e c o m p l e x e s i s p o s s i b l e i n t h e 
c a t a l y t i c s y s t e m , h o w e v e r t h e s e i s o m e r s d o n o t h a v e e q u a l 
s t a b i l i t i e s . I f t h e l i g a n d s a r e b u l k y t h e n t h e m o s t f a v o u r a b l e 
i s o m e r i s t h e t r a n s f o r m ( l i b ) t h i s was t h e i s o m e r i s o l a t e d b y 
A n g e l i c i ( 8 ) w i t h no m e n t i o n b e i n g made o f t h e c i s c o m p l e x 
( I l a ) . 
The p o o r y i e l d o f t h e t r a n s - c a r b o x a m i d e c o m p l e x f o r m e d b y 
r e a c t i o n o f t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m w i t h d i m e t h y l 
c a r b a m o y l c h l o r i d e , may be r e l a t e d t o t h e l o w e r s t a b i l i t y o f t h e 
c o r r e s p o n d i n g c i s c o m p l e x . T h e c i s c o m p l e x w i l l be i n i t i a l l y 
f o r m e d b y o x i d a t i v e a d d i t i o n o f t h e c a r b a m o y l c h l o r i d e , w h i c h may 
t h e n i s o m e r i s e t o g i v e t h e o b s e r v e d p r o d u c t , t h e t r a n s c o m p l e x . 
H o w e v e r a s t h e m a j o r p r o d u c t was t h e ( P P h 2 ) P d C l 2 c o m p l e x t h e c i s 
c a r b o x a m i d e c o m p l e x m u s t u n d e r g o f u r t h e r r e a c t i o n i n p r e f e r e n c e 
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t o i s o m e r i s a t i o n . T h e i n t e r c o n v e r s i o n o f t h e c i s a n d t r a n s 
c o m p l e x e s m u s t t h e r e f o r e be r e l a t i v e l y s l o w . I s o m e r i s a t i o n c a n 
o c c u r b y t w o m e c h a n i s m s e i t h e r b y l i g a n d d i s p l a c e m e n t , v i a 
f o r m a t i o n o f a p e n t a v a l e n t i n t e r m e d i a t e : -
L CI L ' 





P d - C l 
CONR^ 
- L L ' CI 
Yd 
R2NCO 
o r t h r o u g h t h e f o r m a t i o n o f a t r i v a l e n t c o m p l e x b y l i g a n d 
e l i m i n a t i o n 
L CI - L CI L L CI 
\ / > / > \ / 
Pd L - P d Pd 
/ \ \ ^ \ 
L CONR2 CONR2 R2NCO L 
( L = CO, P P h g o r s o l v e n t ) 
S t e p 3 r e d u c t i v e e l i m i n a t i o n 
The f i n a l s t e p i n t h e r e a c t i o n m e c h a n i s m i s r e d u c t i v e 
e l i m i n a t i o n o f t h e c a r b a m o y l c h l o r i d e t o g i v e a c o - o r d i n a t i v e l y 
u n s a t u r a t e d p a l l a d i u m s p e c i e s : -
L 2 P d ( C l ) C 0 N R 2 > l^^d + R2NCOCI 
T h i s r e d u c t i v e e l i m i n a t i o n i s e a s i e r f o r t h e c i s c o m p l e x t h a n t h e 
t r a n s f o r m w h i c h h a s a l e s s f a v o u r a b l e a r r a n g e m e n t o f l i g a n d s . 
F o r p r o d u c t f o r m a t i o n t o o c c u r f r o m t h e t r a n s c o m p l e x i s o m e r -
i s a t i o n t o t h e c i s f o r m m u s t f i r s t o c c u r , t h i s a s m e n t i o n e d a b o v e 
W i l l b e a s l o w r e a c t i o n . 
I n t h e c a s e o f m o n o - a l k y l - N - c h l o r o a m i n e s t h e r e a r e t w o 
p o s s i b l e o r g a n i c p r o d u c t s , n a m e l y c a r b a m o y l c h l o r i d e a n d i s o -
c y a n a t e ; t h e l a t t e r f o r m e d b y l o s s o f h y d r o g e n c h l o r i d e f r o m t h e 
c a r b a m o y l c h l o r i d e . B o t h o f t h e s e p r o d u c t s a r e o b s e r v e d f r o m t h e 
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r e a c t i o n o f p h o s g e n e a n d a p r i m a r y a m i n e , h o w e v e r f o r m a t i o n o f 
l a r g e q u a n t i t i e s o f i s o c y a n a t e r e q u i r e s t h e p r e s e n c e o f a b a s e 
a n d h e a t i n g . 
B a s e 
RNH + COCU, * RNHCOCl + HCl > RNCO + HCl 
H e a t 
F o r t h e c a t a l y t i c s y s t e m a d i f f e r e n t r o u t e t o i s o c y a n a t e s 
e x i s t s , w h i c h i n v o l v e s a [ l , 3 ] - h y d r i d e s h i f t o c c u r r i n g f o r e i t h e r 
c i s o r t r a n s c a r b o x a m i d e c o m p l e x e s : -
L CI L CI 
Pd >• Pd + RNCO 
L CONHR L H 
C l , 3 ] - h y d r i d e s h i f t s a r e w e l l k n o w n f o r o t h e r c a t a l y t i c 
r e a c t i o n s , a n d i n t h e c a s e o f m e t a l a l k y l c o m p l e x e s t h i s p r o c e s s 
l e a d s t o t h e f o r m a t i o n o f a l k e n e s . T h i s r e a c t i o n i s n o t n o r m a l l y 
f o u n d f o r m e t a l a c y l c o m p l e x e s , h o w e v e r , a s t h e p r o d u c t s f o r m e d 
w o u l d b e k e t e n e s a p r o c e s s w h i c h i s n o t t h e r m o d y n a m i c a l l y v e r y 
f a v o u r a b l e . I n t h e p r e s e n t c a s e , i n v o l v i n g p a l l a d i u m c a r b o x a m i d e 
c o m p l e x e s , t h e h y d r o g e n i s m o r e l a b i l e d u e t o t h e w e a k e r 
n i t r o g e n - h y d r o g e n b o n d c o m p a r e d w i t h t h e c a r b o n - h y d r o g e n b o n d . 
T h e o b s e r v a t i o n t h a t c a r b a m o y l c h l o r i d e f o r m a t i o n s t i l l o c c u r s 
s u g g e s t s t h a t t h i s p r o c e s s o f C l , 3 ] - h y d r i d e s h i f t d o e s n o t o c c u r 
e x c l u s i v e l y a n d t h a t r e d u c t i v e e l i m i n a t i o n m u s t s t i l l be 
c o n s i d e r e d . A t t e m p t s t o v a l i d a t e t h e m e c h a n i s m , b y r e a c t i o n o f 
p h e n y l c a r b a m o y l c h l o r i d e w i t h t r i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m 
c a r b o n y l , f a i l e d a s t h e o n l y p r o c e s s o b s e r v e d was o x i d a t i o n o f 
p a l l a d i u m t o p a l l a d i u m ( I I ) d i c h l o r i d e c o m p l e x e s w i t h no 
i s o c y a n a t e p e a k b e i n g o b s e r v e d i n t h e i n f r a - r e d . T h i s mechan i sm 
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may s t i l l be a p p l i c a b l e a n d i t i s c o n c e i v a b l e t h a t g i v e n t h e 
r i g h t c o n d i t i o n s , p o s s i b l y a c a r b o n m o n o x i d e a t m o s p h e r e a n d b y a 
s u i t a b l e c h o i c e o f a p a l l a d i u m c o m p l e x , t h a t t h i s [ l , 3 ] - h y d r i d e 
s h i f t may o c c u r t o g i v e h i g h y i e l d s o f i s o c y a n a t e s . 
I n i t i a t i o n o f t h e c a t a l y t i c c y c l e 
One o f t h e m a i n m e c h a n i s t i c p o i n t s n o t c o n s i d e r e d so f a r i s 
t h e f o r m a t i o n o f s u i t a b l e p a l l a d i u m s p e c i e s t o i n i t i a t e t h e 
c a t a l y t i c r e a c t i o n c y c l e . I n t h e c a s e o f p a l l a d i u m m e t a l , a s 
c a t a l y s t p r e c u r s o r , s t r a i g h t o x i d a t i v e - a d d i t i o n o f an N - c h l o r o -
a m i n e c a n be e n v i s a g e d . N - c h l o r o a m i n e s a r e s t r o n g o x i d i s i n g 
a g e n t s , a s was o b s e r v e d b y t h e o x i d a t i o n o f (PPh^j^PdCCO) t o 
p a l l a d i u m ( I I ) c h l o r i d e c o m p l e x e s . A l s o p a l l a d i u m m e t a l i s known 
t o r e a c t w i t h a c i d c h l o r i d e s i n t h e p r e s e n c e o f t r i p h e n y l -
p h o s p h i n e t o g i v e a n a c y l c o m p l e x ( 11 ) : -
PPh 
RCOCl + Pd ^ (PPh2)2Pd(C0R)Cl 
I n t h e p r e s e n t s y s t e m , o x i d a t i v e - a d d i t i o n o f a n N - c h l o r o -
a m i n e i s p r o p o s e d ; w h i c h t o g e t h e r w i t h c a r b o n m o n o x i d e c o u l d 
g e n e r a t e t h e c a r b o x a m i d e c o m p l e x : -
Cl CI 
L / CO / 
P d + R,.,NC1 > L . . P d > L „ P d 
2 . ^ 2 ^ 
NR2 CONR2 
( L = CO, P P h g o r s o l v e n t ) 
H o w e v e r i n t h e c a s e o f p a l l a d i u m ( I I ) s a l t s t h e mechan i sm f o r 
r e d u c t i o n t o p a l l a d i u m (0) o r t h e f o r m a t i o n o f a c a r b o x a m i d e 
c o m p l e x i s n o t e a s i l y e n v i s a g e d . R e d u c t i o n o f a p a l l a d i u m ( I I ) 
s p e c i e s r e q u i r e s t h e u s e o f a r e d u c i n g a g e n t , i n t h e p r e s e n t 
s y s t e m t h e o n l y r e d u c i n g a g e n t i s c a r b o n m o n o x i d e . T h i s h o w e v e r 
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i s n o t g e n e r a l l y t h o u g h t t o be c a p a b l e o f a c c o m p l i s h i n g t h i s 
r e a c t i o n i t s e l f b u t a l s o r e q u i r e s t h e p r e s e n c e o f a n o t h e r 
r e d u c i n g a g e n t . Common r e d u c i n g a g e n t s u s e d t o p r e p a r e p a l l a d i u m 
(0) s p e c i e s a r e s o d i u m b o r o h y d r i d e , h y d r a z i n e , c o p p e r m e t a l a n d 
o r g a n o m e t a l l i c s p e c i e s s u c h a s t h e a l k y l a l u m i n i u m s ( 12 ) : -
L 2 P d X 2 + B H ^ " ^ C P d L 2 ] 
2 L ^ P d C l 2 + 4 L + 5 N 2 H ^ > 2 P d L ^ + 4 N 2 H 5 C I + N2 
P d C l 2 + 4 L + Cu > P d L ^ 
P d ( a c a c ) 2 + E t ^ A l + 4 L ^ P d L ^ 
( L = p h o s p h i n e o r p h o s p h i t e ) 
U n d e r a c a r b o n m o n o x i d e a t m o s p h e r e t h e a b o v e m e t h o d s c a n be 
m o d i f i e d , t o g i v e s u b s t i t u t e d c a r b o n y l p h o s p h i n e c o m p l e x e s o f 
p a l l a d i u m , u s u a l l y t h e t r i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m 
c a r b o n y l c o m p l e x . 
I n t h e r e a c t i o n u n d e r s t u d y t h e r e a r e no s u i t a b l e r e d u c i n g 
a g e n t s a n d h e n c e a n o t h e r m e c h a n i s m m u s t be o c c u r r i n g . One 
p o s s i b l e r o u t e i n v o l v e s p a l l a d i u m i n t e r m e d i a t e s o f t h e t y p e 
CL2Pd(C0)Cl] '* ' . R e l a t e d s p e c i e s CL2Pt(C0)Cl]" '" c a n r e a c t w i t h 
n u c l e o p h i l i c l i g a n d s s u c h a s a l c o h o l s a n d a m i n e s . E v i d e n c e f o r 
t h i s t y p e o f r e a c t i o n comes f r o m t h e r e a d y f o r m a t i o n o f 
CL2Pt (C0)Cl ] ' ' " f r o m [ L 2 P t C l 2 3 , b y t h e a c t i o n o f c a r b o n m o n o x i d e a t 
r o o m t e m p e r a t u r e . T h i s t y p e o f m e c h a n i s m i n v o l v e s n u c l e o p h i l i c 
a t t a c k a t t h e c o - o r d i n a t e d c a r b o n m o n o x i d e l i g a n d . The r e a c t i o n 
i s f a c i l i t a t e d b y t h e p o s i t i v e c h a r g e m a k i n g t h e c a r b o n o f t h e 
c o - o r d i n a t e d c a r b o n m o n o x i d e l i g a n d m o r e s u s c e p t i b l e t o 
n u c l e o p h i l i c a t t a c k v i a e l e c t r o n w i t h d r a w a l . 
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L ^ P d 
Nu 
^C=0 
One d i s a d v a n t a g e t o a p p l y i n g t h i s t y p e o f mechan i sm t o N -
c h l o r o a m i n e s i s a g a i n t h e i r p o o r n u c l e o p h i l i c i t y ; t h e c h l o r i n e 
a t o m r e d u c e s t h e e l e c t r o n d e n s i t y a r o u n d t h e n i t r o g e n a t o m a n d 
h e n c e makes i t l e s s n u c l e o p h i l i c . A n o t h e r d i s a d v a n t a g e i s t h a t 
t r a n s f e r o f a c h l o r i n e o r a l k y l g r o u p w o u l d h a v e t o o c c u r . I f an 
a l k y l g r o u p w e r e t r a n s f e r e d t o t h e m e t a l t h e n t h e p r o d u c t w o u l d 
n o t be a d i a l k y l c a r b a m o y l c h l o r i d e b u t w o u l d be a n N - c h l o r o -
c a r b a r a o y l c h l o r i d e . F o r c h l o r i n e m i g r a t i o n t h e c o m p l e x w h i c h 
r e s u l t e d w o u l d f o r m a l l y be a p a l l a d i u m ( IV) c o m p l e x . 
0 
C L 2 P d ( C 0 ) C i : + R^NCl 
L C 
\ / \ 
Pd NR, 
_C1 ' C l 
T h i s c o m p l e x c o u l d t h e n l o s e c h l o r i n e t o g i v e t h e 
c a r b o x a m i d e c o m p l e x . H o w e v e r t h i s i s t h o u g h t t o be u n l i k e l y . 
P a l l a d i u m ( IV) c o m p l e x e s a r e r e l a t i v e l y f e w i n n u m b e r a n d a r e 
u s u a l l y o n l y s t a b l e i n t h e p r e s e n c e o f h a r d L e w i s b a s e s s u c h as 
a m i n e s . I f e l i m i n a t i o n o f c a r b a m o y l c h l o r i d e o c c u r r e d f r o m t h i s 
c o m p l e x , t h e n t h e p a l l a d i u m s p e c i e s f o r m e d c o u l d p i c k u p c a r b o n 
m o n o x i d e a n d r e g e n e r a t e t h e CL2Pd(C0)Cl] ' '^ s p e c i e s . T h i s g i v e s an 
a l t e r n a t i v e m e c h a n i s m b a s e d on a p a l l a d i u m ( I I ) p a l l a d i u m ( I V ) 
c y c l e . 
T h e s t r o n g o x i d i s i n g p o w e r o f N - c h l o r o a m i n e s s u g g e s t s an 
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a l t e r n a t i v e m e c h a n i s m t o f o r m c a r b o x a m i d e c o m p l e x e s . T h i s 
m e c h a n i s m a l s o i n v o l v e s t h e f o r m a t i o n o f a p a l l a d i u m (IV) c o m p l e x 
v i a o x i d a t i v e a d d i t i o n o f N - c h l o r o a m i n e t o g e n e r a t e a Pd(NR2)Cl2 
s p e c i e s . T h i s c o u l d t h e n u n d e r g o r e d u c t i v e e l i m i n a t i o n o f 
c h l o r i n e t o f o r m a c a r b o x a m i d e c o m p l e x , a f t e r i n s e r t i o n o f c a r b o n 
m o n o x i d e i n t o t h e p a l l a d i u m n i t r o g e n b o n d : -
i . e . P d C l 2 + R 2 N - C I s PdCl3(NR2) v PdCl(NR2) 
PdCl (NR2) + CO > Pd(C0NR2)Cl 
S u p p o r t f o r t h i s t y p e o f p r o c e s s comes f r o m t h e r e a d y 
f o r m a t i o n o f p a l l a d i u m ( IV) c o m p l e x e s f r o m p a l l a d i u m ( I I ) 
c o m p l e x e s b y t h e a c t i o n o f e l e m e n t a l c h l o r i n e . T h e s e s p e c i e s a r e 
o n l y s t a b l e i n s o l u t i o n i n t h e p r e s e n c e o f a n e x c e s s o f c h l o r i n e . 
T h e p r e s e n c e o f t h e R2N l i g a n d w i l l a l s o h e l p s t a b i l i s e t h e s e 
c o m p l e x e s . As m e n t i o n e d b e f o r e p a l l a d i u m ( IV) c o m p l e x e s a r e 
s t a b i l i s e d b y h a r d L e w i s b a s e s . The s t a b i l i s a t i o n o f h i g h 
o x i d a t i o n s t a t e s b y h a r d L e w i s b a s e s i s a common f e a t u r e i n 
t r a n s i t i o n m e t a l c h e m i s t r y . T h e h i g h e s t o x i d a t i o n s t a t e s f o r 
m a n g a n e s e , f o r i n s t a n c e o c c u r w i t h o x y g e n l i g a n d s i . e . HnO^ . The 
s t a b i l i s a t i o n c a u s e d b y t h e s e l i g a n d s a r i s e s f r o m t h e i r a b i l i t y 
t o d o n a t e e l e c t r o n d e n s i t y t o t h e m e t a l c e n t r e t h r o u g h p - o r b i t a l 
i n t e r a c t i o n w i t h t h e m e t a l d - o r b i t a l s . 
i . e . R 
^ ^ ^ N : 'Pd^ 
R' 
T h e R2N l i g a n d a l s o d o n a t e s e l e c t r o n d e n s i t y v i a o - b o n d 
f o r m a t i o n , t h u s t h i s l i g a n d c a n a c t a s a 4 e l e c t r o n d o n o r . 
S t a b i l i s a t i o n o f p a l l a d i u m ( IV) s p e c i e s b y c h l o r i n e i s a l s o 
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p r e s u m a b l y d u e t o pTT -drC i n t e r a c t i o n o f t h e m e t a l w i t h t h e 
c h l o r i n e p - o r b i t a l s . 
P l a t i n u m , on t h e o t h e r h a n d , h a s a l a r g e n u m b e r o f known 
p l a t i n u m ( IV) c o m p l e x e s . T h e r e a r e s e v e r a l r o u t e s t o p l a t i n u m 
( IV) c o m p l e x e s w h i c h i n c l u d e h a l o g e n o x i d a t i o n o f p l a t i n u m ( I I ) 
c o m p l e x e s , o x i d a t i v e a d d i t i o n o f m e t a l h a l i d e s , a l k y l a t i o n o f 
p l a t i n u m ( IV) a n d o x i d a t i o n w i t h a c y l o r a l k y l h a l i d e s o f 
p l a t i n u m ( I I ) ( 13 ) . 
i . e . C P t ( P E t 3 ) 2 H e I ] + Mel > P t ( P E t 3 ) 2 M e 2 l 2 
T h i s r e a c t i o n i s n o t o b s e r v e d w i t h p a l l a d i u m h o w e v e r , 
p r e s u m a b l y d u e t o t h e r e l a t i v e i n s t a b i l i t y o f p a l l a d i u m ( IV) 
s p e c i e s . I n t h e c a s e o f N - c h l o r o a m i n e s t h e N - C l b o n d i s 
r e l a t i v e l y weak a n d t h e s e c o m p o u n d s a r e s t r o n g o x i d i s i n g a g e n t s , 
t h u s one w o u l d e x p e c t a s i m i l a r r e a c t i o n , t o t h a t a b o v e , t o o c c u r 
a t l e a s t f o r p l a t i n u m a n d p o s s i b l y f o r p a l l a d i u m a l s o . E v e n i f 
t h e r e a c t i o n i s a n e q u i l i b r i u m t h e n d u e t o t h e r e m o v a l o f t h e 
L 2 P d ( N R 2 ) ( C I ) s p e c i e s , b y f u r t h e r r e a c t i o n , t h e n t h e e q u i l i b r i u m 
W i l l be f o r c e d t o t h e r i g h t : -
" P d C l 2 " + R2NCI ^ ~ " "PdCl3NR2" v "PdCl(NR2)" + CI2 
T h i s i n i t i a t i o n m e c h a n i s m i s t h o u g h t t o be m o r e l i k e l y t h a n t h e 
a l t e r n a t i v e r e a c t i o n m e c h a n i s m b a s e d on t h e f o l l o w i n g p a l l a d i u m 
( I D / p a l l a d i u m ( IV) c y c l e : -
^2' 
[ L 2 P d ( C 0 ) C l ] " ^ + R 2 N - C I ^ CLPd(C0NR2)Cl2: i^ + L 
i : L P d ( C 0 N R 2 ) C l 2 ] ^ ^ [LPdCl]"*" + R2NCOCI 
O v e r a l l r e a c t i o n scheme 
T h e i n d i r e c t e v i d e n c e f o r t h e i n v o l v e m e n t o f c a r b o x a m i d e 
c o m p l e x e s l e a d s t o t h e f o l l o w i n g r e a c t i o n scheme f o r t h e 
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- R 2 N C I R2NCI 
[ P d C l 2 ( N R 2 ) ] 
- 2 L , + C 1 , - C l 2 , + 2 L 
C L 2 P d C l N R 2 ] 
L3Pd-f - :NR2Cl LPd(Cl)(CO)NR 
R„NC1 
L „ P d L2Pd(Cl ) (C0)NR2 
R2NCOCI L 
P r o p o s e d r e a c t i o n scheme f o r t h e c a t a l y t i c c a r b o n y l a t i o n 
o f N - c h l o r o a m i n e s 
B y - p r o d u c t f o r m a t i o n 
T h e o n l y b y - p r o d u c t o b s e r v e d was t h e a m i n e h y d r o c h l o r i d e , 
w h i c h was o n l y o b t a i n e d when p r i m a r y a m i n e s w e r e u s e d . G e n e r a l l y 
when a m i n e s a r e c a r b o n y l a t e d a n u m b e r o f p r o d u c t s a r e o b s e r v e d , 
t h e s e i n c l u d e u r e a s , f o r m a m i d e s a n d h y d r a z i n e s . I n t h e p r e s e n t 
s y s t e m n o n e o f t h e s e c o m p o u n d s w e r e d e t e c t e d ; t h i s i s n o t 
s u r p r i s i n g f o r t h e f o r m a t i o n o f f o r m a m i d e s r e q u i r e s a h y d r o g e n 
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s o u r c e t o be p r e s e n t . For t h e o t h e r two compounds one can 
e n v i s a g e mechanisms l e a d i n g t o such spec ies and in t h e case o f 
h y d r a z i n e s b o t h w i t h and w i t h o u t p a l l a d i u m m e d i a t i o n . 
H y d r a z i n e s y n t h e s i s n o t i n v o l v i n g p a l l a d i u m can be 
e n v i s a g e d as o c c u r r i n g by d i r e c t r e a c t i o n o f two N-chloroara ines . 
2R2NCI > E^N-m^ + CI2 
A s i m i l a r r e a c t i o n a p p l i e s t o N-ch lo roamines and an amine ( 14 ) 
K2NCI + R'^NH ? R2N"^^ '2""^^ 
Th i s r e a c t i o n p r e s u m a b l y o c c u r s v i a n u c l e o p h i l i c a t t a c k o f the 
amine on t h e n i t r o g e n o f t h e N - c h l o r o a m i n e . Th i s would e x p l a i n 
why t h i s r e a c t i o n i s n o t o b s e r v e d f o r N-ch lo roamines themselves , 
as t h e c h l o r i n e atom g r e a t l y r e d u c e s t h e n u c l e o p h i l i c t endency o f 
t he se compounds. 
The p a l l a d i u m m e d i a t e d s y n t h e s i s r o u t e would a l so have t o 
i n v o l v e n u c l e o p h i l i c a t t a c k o f an N - c h l o r o a m i n e , t h i s t ime on t h e 
imido p a l l a d i u m complex. 
NR^ 
R^NCl + L Pd > L P d C U + R„N-NR^ 
2 " \ n 2 2 2 
CI 
The poor n u c l e o p h i l i c i t y o f N - c h l o r o a m i n e s makes t h i s r e a c t i o n 
u n l i k e l y t o o c c u r i n t h e p r e s e n t case and was a l so no t o b s e r v e d 
by Ryang w i t h n i c k e l t e t r a c a r b o n y l ( 7 ). 
In Ryang ' s work , w i t h n i c k e l t e t r a c a r b o n y l and d i m e t h y l N -
c h l o r o a m i n e , t h e ma jo r p r o d u c t was t h e c o r r e s p o n d i n g u r e a . This 
can be e n v i s a g e d as o c c u r r i n g by t h e f o l l o w i n g mechanism:-
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CI . C I 
(CO)^Ni > (CO)„Ni 0 
\ 
CO > C 
R2N-CI NR^ NR^ 
Cl,3] H y d r i d e s h i f t 
L2NiCl2 + R2NCONR2 
In t h e p r e s e n t sys tem t h i s r e a c t i o n i s o f minor impor t ance ; 
t h e d i f f e r e n c e be tween n i c k e l and p a l l a d i u m i s n o t a t f i r s t s i g h t 
o b v i o u s . The p resence o f t h e c a r b o n monoxide a tmosphere f o r t h e 
c a t a l y t i c p a l l a d i u m sys tem may p l a y a p a r t , a l t h o u g h t h e main 
r e a s o n i s p r o b a b l y d i f f e r e n c e s i n t h e s u s c e p t i b i l i t y t o n u c l e o -
p h i l i c a t t a c k o f t h e c a r b o x a m i d e complexes . These complexes can 
be e n v i s a g e d as b e i n g a c o m b i n a t i o n o f t h r e e c a n o n i c a l f o r m s : -
0~ 0 0 " ^ 
^ I I I I ^ 
L^H = C - NR2 f - C - NR2 ^ ^ L2H - C = NR2 
( M = Ni o r Pd ) 
The i m p o r t a n c e o f each f o r m w i l l be dependan t on t h e amine 
and on t h e me ta l i n q u e s t i o n . E.g. i f t h e me ta l i n q u e s t i o n i s 
e l e c t r o n d e f i c i e n t t h e n t h e f i r s t c a n o n i c a l f o r m w i l l be t h e 
l e a s t f a v o u r a b l e , hence t h e r e s u l t i n g c h e m i s t r y o f t h i s complex 
can be b e s t d e s c r i b e d i n t e r m s o f t h e l a t t e r two f o r m s . A s i m i l a r 
e f f e c t can a l s o o c c u r f o r t h e c a r b a m o y l c h l o r i d e s themselves and 
e x p l a i n s t h e i r r e l a t i v e s t a b i l i t y compared t o a c i d c h l o r i d e s 
t o w a r d s n u c l e o p h i l i c a t t a c k . 
A l t e r n a t i v e mechanisms 
The main a l t e r n a t i v e mechanism t h a t can be p roposed 
i n v o l v e s spec i e s such as CL Pd(CO)Cl]^ and i s d i s c u s s e d i n t h e ^ n 
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s e c t i o n u n d e r i n i t i a t i o n mechanisms. Th i s i s t h o u g h t t o be 
u n l i k e l y as i t i n v o l v e s p a l l a d i u m (IV) i n t e r m e d i a t e s w i t h o u t 
s u i t a b l e s t a b i l i s i n g l i g a n d s , such as R2N . One o t h e r p o s s i b i l i t y 
i s f o r m a t i o n o f phosgene i n s o l u t i o n f r o m t h e c a r b o n monoxide 
a tmosphe re and N - c h l o r o a m i n e s o r f r o m L2PdCl2- The l a t t e r r o u t e 
was n o t s u p p o r t e d by S t e r n ' s work ( 15 ). The g e n e r a t i o n o f 
phosgene f r o m N - c h l o r o a m i n e s i s a l so n o t o b s e r v e d and c o n c o m i t a n t 
f o r m a t i o n o f amines i s e x c l u d e d by t h e l a c k o f p o i s o n i n g o f t h e 
p a l l a d i u m c a t a l y s t which n o r m a l l y o c c u r s w i t h amines. 
A p p l i c a t i o n o f c a r b o x a m i d e complexes t o o t h e r p rocesses 
The i n v o l v e m e n t o f c a r b o x a m i d e complexes can a l so be used 
t o e x p l a i n " t h e r e a c t i o n mechanisms i n v o l v e d in S t e r n ' s work ( 15 
) and i n a p a t e n t by I .C . I , f o r p r o d u c t i o n o f u r e t h a n e s ( 16 ). 
In t h e case o f S t e r n ' s work ( 15 ) t h e p a l l a d i u m ( I I ) 
c h l o r i d e used i n t h e p resence o f c a r b o n monoxide and t h e amine, 
wou ld be c o n v e r t e d a c c o r d i n g t o A n g e l i c i e t a l t o t h e ca rboxamide 
complex. Th i s wou ld t h e n unde rgo r e d u c t i v e e l i m i n a t i o n t o t h e 
c a r b a m o y l c h l o r i d e . 
CI 
/ 




L^Pd > IL^Tdl + RNHCOCl 
C=0 
NRH 
RNHCOCl ^ RNCO + HCl 
In t h i s r e a c t i o n t h e base employed was d i sod ium h y d r o g e n 
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p h o s p h a t e , which would remove any h y d r o g e n c h l o r i d e fo rmed and 
t h u s p r e v e n t d e c o m p o s i t i o n o f t h e i n t e r m e d i a t e ca rboxamide 
complex. Th i s r e a c t i o n i s however s t o i c h i o m e t r i c , t h e p a l l a d i u m 
(I I ) s a l t b e i n g r e d u c e d t o p a l l a d i u m (0). 
A S i m i l a r mechanism i s a p p l i c a b l e t o t h e I .C . I , p a t e n t e d 
p r o c e s s ( 16 ). In t h i s sys tem t h e p a l l a d i u m complex i s i n i t i a l l y 
i n t h e z e r o v a l e n t s t a t e , however t h e gas m i x t u r e used was c a r b o n 
monoxide and oxygen which would e f f i c i e n t l y o x i d i s e t h e p a l l a d i u m 
(0) t o p a l l a d i u m ( I I ) . The r ema inde r o f t h e mechanism i s 
e s s e n t i a l l y t h e same e x c e p t t h a t , as an a l c o h o l was used as a 
s o l v e n t , t h e i s o c y a n a t e was n o t i s o l a t e d b u t c o n v e r t e d ' i n - s i t u ' 
i n t o t h e c o r r e s p o n d i n g u r e t h a n e . 




A l t h o u g h no d i r e c t ev idence f o r t h e e x i s t a n c e o f t h e 
c a r b o x a m i d e complex was f o u n d , by ' i n - s i t u ' i n f r a - r e d 
s p e c t r o s c o p y , s u p p o r t i n g ev idence f o r i t s i n v o l v e m e n t come f r o m 
t h e f o r m a t i o n o f such complexes by t h e r e a c t i o n o f a ze ro v a l e n t 
p a l l a d i u m spec i e s and a c a r b a m o y l c h l o r i d e . The f o r m a t i o n o f 
S i g n i f i c a n t q u a n t i t i e s o f amine h y d r o c h l o r i d e , i n t h e case o f 
p r i m a r y amines, can o n l y be a c c o u n t e d f o r i f one p o s t u l a t e s t h e 
p re sence o f c a r b o x a m i d e complexes i n s o l u t i o n . 
The r e a c t i o n o f a z e ro v a l e n t p a l l a d i u m spec ies w i t h an N -
ch lo roamine t o f o r m an L2PdClNR2 complex, i s s u p p o r t e d by t h i s 
work , b u t unde r t h e c o n d i t i o n s employed, a f u r t h e r r e a c t i o n 








The f o r m a t i o n o f such spec ies can o n l y o c c u r i f o x i d a t i v e 
a d d i t i o n o f t h e n i t r o g e n - c h l o r i n e compound has o c c u r r e d . This 
r e a c t i o n r e q u i r e s t h e p resence of c o - o r d i n a t i v e l y u n s a t u r a t e d 
p a l l a d i u m spec i e s i n s o l u t i o n . In t h e case o f phosphine l i g a n d s 
e q u i l i b r a t i o n i s r a p i d as t hese l i g a n d s a r e q u i t e l a b i l e . The 
p a r t i c i p a t i o n o f c o - o r d i n a t i v e l y u n s a t u r a t e d complexes i s 
s u p p o r t e d by t h e o b s e r v a t i o n o f t h e l e v e l l i n g o f t h e r a t e o f 
u p t a k e o f c a r b o n monoxide as t h e p r e s s u r e i n c r e a s e s . I f c o -
o r d i n a t i v e l y u n s a t u r a t e d spec ies a r e i n v o l v e d t h e n t h e c a r b o n 
monoxide w i l l compete w i t h N - c h l o r o a m i n e f o r c o - o r d i n a t i o n s i t e s . 
As t h e l a t t e r i s a poor l i g a n d , due t o t h e e l e c t r o n w i t h d r a w i n g 
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e f f e c t o f t h e c h l o r i n e and t h e b u l k o f t h i s h e t e r o - a t o m ; Then 
p r e f e r e n t i a l c o - o r d i n a t i o n by c a r b o n monoxide i s l i k e l y , t h u s 
b l o c k i n g c o - o r d i n a t i o n s i t e s f o r t h e N - c h l o r o a m i n e . The i n i t i a l 
i n c r e a s e i n t h e r a t e o f c a r b o n monoxide u p t a k e as t h e p r e s s u r e i s 
i n c r e a s e d may r e f l e c t t h e i n c r e a s i n g s t a b i l i t y o f the p a l l a d i u m 
(0) complexes , o r may be due t o an i n c r e a s e i n t h e r a t e o f 
c a r b o n y l a t i o n , v i a c a r b o n monoxide i n s e r t i o n , t o f o r m t h e c a r b o x -
amide complex. The l a t t e r e x p l a n a t i o n i s t h o u g h t t o be more 
l i k e l y . 
The i n v o l v e m e n t o f c o - o r d i n a t i v e l y u n s a t u r a t e d spec ies can 
a l s o e x p l a i n t h e a p p a r e n t t o t a l s u p p r e s s i o n o f r e a c t i o n i f any 
a p p r e c i a b l e q u a n t i t y o f amine i s p r e s e n t i n t h e r e a c t i o n sys tem; 
a l s o t h e y i e l d s a r e lower when h e t e r o - a t o m s o l v e n t s such as 
a c e t o n i t r i l e and monoglyme a r e used. The e x p l a n a t i o n f o r these 
o b s e r v a t i o n s i s , as b e f o r e , c o m p e t i t i o n f o r c o - o r d i n a t i o n s i t e s 
be tween t h e N - c h l o r o a m i n e and t h e above compounds. In t h e case of 
t h e h e t e r o - a t o m s o l v e n t s a l t h o u g h t h e i r d o n a t i n g a b i l i t y may be 
S i m i l a r t o , o r l e s s t h a n , t h a t o f t h e N - c h l o r o a m i n e t h e y a r e 
p r e s e n t i n a l a r g e excess , and hence compete f o r c o - o r d i n a t i o n 
s i t e s by sheer w e i g h t o f numbers . 
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7.9. Conc lus ion 
The work d e t a i l e d in t h e p r e v i o u s c h a p t e r has shown t h e 
c a r b o n y l a t i o n o f N - c h l o r o a m i n e s t o be a u s e f u l s y n t h e t i c r o u t e t o 
c a r b a m o y l c h l o r i d e s . The method employed does no t s u f f e r f r o m the 
f o r m a t i o n o f a wide v a r i e t y o f c a r b o n y l a t e d amine spec ies 
n o r m a l l y f o u n d i n c a t a l y t i c r e a c t i o n s i n v o l v i n g amines; namely 
one does n o t o b s e r v e p r o d u c t i o n o f s i g n i f i c a n t q u a n t i t i e s o f 
u r e a s . 
The ma jo r b y - p r o d u c t o b s e r v e d , p r i m a r i l y o c c u r r i n g when 
m o n o - a l k y l - m o n o - c h l o r o - a m i n e s a r e used, i s amine h y d r o c h l o r i d e 
and a c c o u n t s f o r t h e lower y i e l d s o b t a i n e d when u s ing p r i m a r y 
amines. Th i s l o w e r i n g i n y i e l d i s no t a r e s u l t o f t h e d i f f e r e n t 
n a t u r e o f t h e amine, b u t i s due t o t h e f o r m a t i o n o f hyd rogen 
c h l o r i d e which causes d e c o m p o s i t i o n o f c a t a l y t i c p a l l a d i u m 
spec i e s i n v o l v e d i n t h e r e a c t i o n . In t h i s case, i .e . p r i m a r y 
amines, t h e s y n t h e t i c r o u t e i s ana logous t o t h e c l a s s i c a l o r g a n i c 
r o u t e t o c a r b a m o y l c h l o r i d e and i s o c y a n a t e s , i n as much as a 
minimum o f 50% o f t h e f e e d amine i s c o n v e r t e d i n t o h y d r o c h l o r i d e 
s a l t s . 
The mechanism i n v o l v e d i n t h i s r e a c t i o n , a t f i r s t s i g h t , 
l o o k s v e r y s i m i l a r t o t h e p r o p o s e d scheme f o r t h e c a r b o n y l a t i o n 
o f a r y l h a l i d e s ; i f such a mechanism i s employed then some o f t h e 
c a t a l y t i c spec i e s i n d i c a t e d by such a scheme a r e unknown f o r 
p a l l a d i u m complexes . One o f t h e p roposed i n t e r m e d i a t e s , namely 
L2PdCl(CQNRR') i s n o t o b s e r v a b l e by ' i n - s i t u ' i n f r a - r e d 
s p e c t r o s c o p y ; however t h i s does n o t mean t h a t such spec ies a r e 
n o t p r e s e n t i n sma l l q u a n t i t i e s . The e x p e r i m e n t a l r e s u l t s 
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o b t a i n e d on t h e whole a r e i n agreement w i t h t h e scheme w i t h t h i s 
scheme and a l t e r n a t i v e mechanisms do no t , i n g e n e r a l , i n v o l v e 
r e a l i s t i c c a t a l y t i c i n t e r m e d i a t e s . One o f t h e main d i s a d v a n t a g e s 
t o t h i s scheme i s t h e f o r m a t i o n o f a s u i t a b l e c a t a l y t i c spec ies 
f o r m a p a l l a d i u m (I I ) s a l t . A s u g g e s t e d s o l u t i o n t o t h i s problem 
i n v o l v e s t h e p o s t u l a t i o n o f a p a l l a d i u m ( I D / p a l l a d i u m (IV) 
c y c l e , which i s e n t i r e l y p l a u s i b l e g i v e n t h e s t r o n g o x i d i s i n g 
a b i l i t y o f N - c h l o r o a m i n e s and t h e o b s e r v a t i o n t h a t c h l o r i n e can 
o x i d i s e p a l l a d i u m ( I I ) t o p a l l a d i u m (IV). The p roposed R^N 
l i g a n d Wi l l a l so s t a b i l i s e t h e h i g h e r o x i d a t i o n s t a t e and hence 
a i d t h i s t y p e o f r e a c t i o n . 
T h e - r e a c t i o n be tween N-ch lo roamines and t r a n s i t i o n me ta l 
spec i e s has n o t been w e l l s t u d i e d and t h i s i n v e s t i g a t i o n s u g g e s t s 
t h a t f u r t h e r s t u d y i n t h i s a r e a i s w a r r a n t e d . In t h e p r e s e n t 
s t u d y c a r b o n monoxide was used as a smal l molecule t o be i n s e r t e d 
i n t o t h e n i t r o g e n - c h l o r i n e bond. However r e a c t i o n s o f t h i s t y p e 
can o f t e n l e a d t o t h e i n s e r t i o n o f o t h e r spec ies such as a lkenes , 
a l k y n e s e t c . Thus t h e p o t e n t i a l e x i s t s f o r t h e f o r m a t i o n o f o t h e r 
n i t r o g e n c o n t a i n i n g spec i e s s t a r t i n g f r o m N-ch lo roamines . For 
example , a r e a c t i o n may o c c u r between N-ch lo roamine and an a lkene 
t o g i v e an u n s a t u r a t e d amine and h y d r o g e n c h l o r i d e . 
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Ik. 5.8U P r o f . V/.R D o l b i e r ( F l o r i d a , U . S . A . ) 
"Cyc loaddI t ton r e a c t i o n s of f l u o r l n a t e d a l l e n e s " 
16. 5.8U D r . P . J . G a r r a t t (UCL) 
"Synthes i s w i t h d i l l t h l a t e d v i c i n a l d i e s t e r s and 
carbox imides" 
22. 5.8 '^'" P r o f , F . C . de S c h r y v e r ( L s u v e n ) 
"The use of luminescence i n the s tudy of m l c e l l a r 
a ggrega t e s" a nd 
"^onfIgurat iona 1 and conformat iona l c o n t r o l i n exc i ted 
s t a t e complex format ion" 
23. 5.8U P r o f . M. Tada (Waseda, Japan) 
"Photochemistry of d i c y a n o p y r a z i n e d e r i v a t i v e s " 
3-1. 5.8U D r . A. Haaland ( O s l o ) 
" E l e c t r o n d i f f r a c t i o n s t ' :d ies of some organo-
m e t c l l i c compounds" 
11. 6.81+"^  D r . J . B . S t r e e t ( IBM, C a l i f o r n i a ) 
"Conducting polymers d e r i v e d from p y r r o l e s " 
19. 9.81+ D r . C . Brown ( IBM, C a l i f o r n i a ) 
"New super base r e a c t i o n s w i t h o r g a n i c compounds" 
21, 9.8'4'^ D r , H.W. Gibson ( S i g n a l UOPy I l l i n o i s ) 
" I s o m e r i z a t i o n of p o l y a c e t y l e n e " 
19,10,8^+ D r , A . Germain (Languedoc, M o n t p e l l i e r ) 
"Anodic o x i d a t i o n of p e r f l u o r o organic compounds i n 
p e r f l u o r o a l k a n e s u l p h o n i c a c i d s " 
2l4.10.8»4'^ P r o f . R . K . H a r r i s (Durham) 
"N.M.R. of s o l i d s " 
28.10.SU^ D r . R. S n a i t h ( s t r a t h c l y d e ) 
" E x p l o r i n g l i t h i u m c h e m i s t r y : Novel s t r u c t u r e s , bonding 
and r e a g e n t s " 
7.11.8U'^ P r o f . W.W. P o r t e r f i e l d (Hsmpden-Sydney C o l l e g e , U . S . A . ) 
"There i s no borane c h e m i s t r y (on ly geometry J " 
7.11.8^"^ D r . H . S . Munro (Durham) 
"New i n f o r m a t i o n from ESCA data" 
21.11.814"^ Mr. N. E v e r a l l (Durham) 
"Picosecond pulsed l a s e r raman spectroscopy" 
27.11.8U'^ D r . W . J . F e a s t (Durham) 
"A p l a i n man'.s guide to polymeric organic metals'" 
23.1l.B'-^ D r . T . A . Stephenson (Edinburgh) 
•'Some r e c e n t ' s t u d i e s i n p lat inum metal chemistry " 
12.12.8U D r . K . B . D i l l o n (Durham) 
"31p N.M.R. s t u d i e s of some a n i o n i c phosphorous 
complexes" 
11. 1.85 Emer i tus P r o f . H. S u s c h i t z k y ( S a l f o r d ) 
" F r u i t f u l f i s s o n s of benzofuroxanes and i s o b e n z i m i d -
a z o l e s ( umpolung of o-phenylenediamlne) 
13. 2.85 D r . G . W . J . F l e e t (Oxford) 
"Synthes i s of some a l k a l o i d s from carbohydrates" 
19. 2.85 D r . D . J . Mincher (Durham) 
" S t e r e o s e l e c t i v e s y n t h e s i s of some novel a n t h r a c y c l i n -
ones r e l a t e d to the a n t i - c a n c e r drug a d r i a m y c i n 
and to the s t e f f i m y c i n a n t i b o d i e s " 
27. 2.85 D r . R . E . Mulvey (Durham) 
"Some unusua l l i t h i u m complexes" 
6. 3.85 D r . P . J . K o c i e n s k i ( L e e d s ) 
"Some s y n t h e t i c a p p l i c a t i o n s of s i l i c o n - m e d i a t e d 
a n n u l a t i o n r e a c t i o n s " 
7. 3.85 D r . P . J . Rodgers ( I . C . I . p i c . A g r i c u l t u r a l D i v i s i o n , 
B i l l i n g h a m ) 
" I n d u s t r i a l polymers from b a c t e r i a " 
12.'~^3.85 P r o f . K . J . P a c k e r ( ( B . P . L t d . / ^ a s t Ang l ia ) 
"M.M.R. i n v e s t i g a t i o n s of the s t r u c t u r e of s o l i d polymers 
1 .^ 3.85 P r o f . A . R . K a t r i t z k y F . R . S . ( F l o r i d a ) 
"Some adventures i n h e t e r o c y c l i c chemis try" 
20. 3.85 D r . M. P o l l a k o f f (Nottingham) 
"New methods f o r d e t e c t i n g o r g a n o m e t a l l i c intermed-
i a t e s i n s o l u t i o n " 
28. 3.85 P r o f . H. R l n g s d o r f (Mainz) 
"Polymeric l iposomes as models f o r biomembranes 
and c e l l s ? " 
2h, U.85 D r . M . C . G r o s s e l (Bedford C o l l e g e , London) 
"Hvdroxynyrldone dyes - B i e a c h a b l e one-dimensional 
m e t a l s ? " ' 
25. U.85 Major S . A . S h a c k e l f o r d ( U . S . A i r F o r c e ) 
" I n s i t u m e c h a n i s t i c s t u d i e s on condensed phase 
therraochemica1 r e a c t i o n p r o c e s s e s : Deuterium isotope 
e f f e c t s i n B-IX decomposi t ion, e x p l o s i v e s and combustion" 
1. 5.85 D r . D. Parker ( I . C . I , p i c . P e t r o c h e m i c a l and P l a s t i c s 
D i v i s i o n , V / l l t on ) 
" A p p l i c a t i o n s of r a d i o i s o t o p e s i n i n d u s t r i a l r e s e a r c h " 
7. 5.85 P r o f . G . E . Coates ( f o r m e r l y u n i v e r s i t y of Wyoming, U . S . A . ^ 
"Chemical educat ion i n England and America: Successes 
and d e f i c i e n c i e s " 
8. 5.85 P r o f . D. Tuck (Windsor, O n t a r i o ) 
"Lower o x i d a t i o n s t a t e c h e m i s t r y of indium" 
3. 5.85 P r o f . G. W i l l i a m s ( U . C . W . , Aberys twyth ) 
" L i q u i d c r y s t a l l i n e polymers" 
9. 5.85 P r o f . R . K . H a r r i s (Durham) 
"Chemistry i n a s p i n : Nuclear magnetic resonance" 
1 .^ 5.85 P r o f . J . Passmore (New B r u n s w i c k , U . S . A . ) „ 
"The s y n t h e s i s and c h a r a c t e r i s a t i o n of some novel Se 
N.M.R. spectroscopy" 
15. 5.85 D r . J . E . Packer (Auck land , New Zea land) 
"Studies of f r e e r a d i c a l r e a c t i o n s i n aqueous s o l u t i o n 
u s i n g i o n i s i n g r a d i a t i o n " 
17. 5.85 P r o f . I . D . Brown (McMaster U n i v e r s i t y , Canada) 
"Bond v a l e n c e as a model f o r i n o r g a n i c chemistry" 
21. 5.85 D r . D . L . H . W i l l i a m s (Durham) 
"Chemistry i n co lour" 
2 2 . 5.85 D r . M. H u d l l c k y ( B l a c k s b u r g , U . S . A . ) 
" P r e f e r e n t i a l e l i m i n a t i o n of hydrogen f l u o r i d e from 
v i c i n a l bromofluorocompounds" 
22. 5.85 D r . R . Grimmett (Otago, New Z e a l a n d ) 
"Some a s p e c t s of n u c l e o p h i l i c s u b s t i t u t i o n i n Imidazoles" 
k, 6.85 D r . P . S . B e l t o n (Food R e s e a r c h I n s t i t u t e , Norwich) 
" A n a l y t i c a l photoacoust ic spectroscopy" 
13. 6.85 D r . D. Woolins ( I m p e r i a l C o l l e g e , London) 
"Metal - su lphur - n i t r o g e n complexes" 
l U . 6.85 P r o f . Z . Rappoport (Hebrew u n i v e r s i t y , Jerusa lem) 
"The r i c h m e c h a n i s t i c wor ld of n u c l e o p h i l i c c i n y l i c 
s u b s t i t u t i o n " 
19. 6.85 D r , T . N . M i t c h e l l (Dortmund) 
"Some s y n t h e t i c and N . M . R . - s p e c t r o s c o p i c s t u d i e s of 
o r g a n o t i n compounds" 
26. 6.85 P r o f . G. Shaw ( B r a d f o r d ) 
" S y n t h e t i c s t u d i e s on imidazo le nuc l eos ides and the 
a n t i b i o t i c coformycin" 
12. 7.85"^ D r . K. l a a l i (Hydrocarbon R e s e a r c h I n s t i t u t e , U n i v e r s i t y 
of Southern C a l i f o r n i a ) 
"Recent developments i n s u p e r a c i d chemis try and 
m e c h a n i s t i c c o n s i d e r a t i o n s i n e l e c t r o p h i l i c aromat ic 
s u b s t i t u t i o n s ; a progres s r e p o r t " 
B . L e c t u r e s organ i sed by Durham U n i v e r s i t y Chemical S o c i e t y 
d u r i n g the p e r i o d 1982-1985 ( + denotes l e c t u r e s a t tended) 
lU.10.82"*" Mr. F . Shenton (County Ana l y s t , Durham) 
"There i s death i n the pot" 
28.10.82 P r o f . M.P. I ^ p p e r t , F . R . S . ( S u s s e x ) 
"The c h e m i s t r y of some unusua l subva lent compounds 
of the main group I V and V elements" 
U.11.82"^ D r . D . H . W i l l i a m s (Cambridge) 
"Studies on the s t r u c t u r e s and modes of a c t i o n of 
a n t i b i o t i c s " 
11.11.82 D r . J . Cramp ( I . C . I , p i c ) 
" L a s e r s i n i n d u s t r y " 
( J o i n t l e c t u r e w i t h the S o c i e t y of Chemical I n d u s t r y ) 
25.11.82''" D r . D . H . R i c h a r d s , P . E . R . M . E . ( M i n i s t r y of Defence) 
"Terminal f u n c t i o n a l polymers - t h e i r s y n t h e s i s and 
uses" 
27. .1.83 P r o f . D.W.A. Sharp (Glasgow) 
"Some radox r e a c t i o n s i n f l u o r i n e chemistry" 
3. 2.83''" D r . R . Manning (Dept . Zoology, Durham) 
"Molecular mechanisms of hormone a c t i o n " 
10. 2.83 S i r G. A l l e n , F . R . S . ( U n i l e v e r L t d ) 
" U . K . r e s e a r c h " 
17. 2.83 P r o f . A . G . MacDiarmid ( P e n n s y l v a n i a ) 
" M e t a l l i c c o v a l e n t polymers (SN)x and (CH)x and t h e i r 
d e r i v a t i v e s " ( R . S . C . Centenary L e c t u r e ) 
3. .^83''" P r o f . A . C . T . North ( L e e d s ) 
"The use of a computer d i s p l a y system i n studying 
molecu lar s t r u c t u r e s and i n t e r a c t i o n s " 
20.10.83'*" P r o f . R . B . C u n d a l l ( S a l f o r d ) 
" E x p l o s i v e s " 
3.11.83"*" D r . G. R i c h a r d s ( O x f o r d ) 
Qua turn pharmacology" 
10.11.83"^ P r o f . J . H . Ridd ( U . C . L . ) 
" i p s o - a t t a c k i n e l e c t r o p h i l i c aromat ic s u b s t i t u t i o n " 
17.11.83"^ D r . J . H a r r i s o n ( S t e r l i n g O r g a n i c ) 
"Applied c h e m i s t r y and the p h a r m a c e u t i c a l i n d u s t r y " 
( J o i n t l e c t u r e v / i th S o c i e t y of Chemica l I n d u s t r y ) 
2l+.11.83"*" P r o f . D . A . King ( L i v e r p o o l ) 
"Chemistry i n 2-Dimensions" 
1.12.83"^ D r . J . D . Coy le (The Open U n i v e r s i t y ) 
"The problem wi th sunsh ine" 
26. 1. P r o f . T . L . B l u n d e l l ( B l r k b e c k C o l l e g e , London) 
" B i o l o g i c a l r e c o g n i t i o n : I n t e r a c t i o n s of macromolecular 
s u r f a c e s " 
2.. 2.8U P r o f . N . B . H . Jonathan (Southampton) 
"Photoe lectron spec troscopy - a r a d i c a l approach" 
16. 2.8U"^ P r o f . D. P h i l l i p s (The R o y a l I n s t i t u t i o n ) 
"Luminescence and photochemis try - a l i g h t 
e n t e r t a inment" 
23. 2.81+^ P r o f . F . G . A . Stone F . R . S . ( B r i s t o l ) 
"The use of carbene and carbyne groups to synthes i se 
meta l c l u s t e r s " 
(The Waddlngton Memorial L e c t u r e ) 
1. 3.8U"*" P r o f . A . J . Leadbet ter ( R u t h e r f o r d Appleton L a b s . ) 
"I'iquid c r y s t a l s " 
8. 3.8^ "^ P r o f . D. Chapman ( R o y a l F r e e H o s p i t a l School of 
M e d i c i n e , London) 
"Phosphol ip ids and biomembranes: B a s i c s c i e n c e s and 
f u t u r e t echnolog ies" 
28. 3.8U P r o f . H. Schmidbaur (Munich, F . R . G . ) 
"Gl ides i n c o o r d i n a t i o n sphere of m e t a l : S y n t h e t i c , 
s t r u c t u r a l and t h e o r e t i c a l a s p e c t s " 
( R . S . C . Centenary L e c t u r e ) 
18,10,8^^ D r . N. Logan (Nottingham) 
"N^O^ and r o c k e t f u e l s " 
23.10.8U'^ D r . W . J . F e a s t (Durham) 
"Syntheses of conjugated po lymers . How and why?" 
8.11.8U P r o f . B . J . A y l e t t (Queen Mary C o l l e g e , London) 
" S i l i c o n - dead common or r e f i n e d ? " 
15.11.8U''' P r o f . B . T . Golding (Newcast le -upon-Tyne) 
"The v i t a m i n B^^ mystery" 
22.11.8U"*' P r o f . D . T . C l a r k ( I . C . I . , N e w S c i e n c e Group) 
" S t r u c t u r e , bonding, r e a c t i v i t y and s y n t h e s i s as 
r e v e a l e d by ESCA" 
( R . S . C . T i l d e n L e c t u r e ) 
29.11.8U^ P r o f . C . J . M . S t i r l i n g ( U n i v e r s i t y C o l l e g e of North Wales) 
"Molecules tak ing the s t r a i n " 
6.12.8U'^ P r o f . R . D ? Chambers (Durham) 
"The unusua l world of f l u o r i n e " 
2U. 1.85"*" Dr A . K . Covington (Newcast le -upon-Tyne) 
"Chemistry w i t h c h i p s " 
31. 1.85^ D r . M . L . H . Green (Oxford) 
"Naked atoms and neg l igee I tgands" 
7. 2.85 P r o f . A. Ledwith ( P l l k i n g t o n B r o s . ) 
"Glass as a high technology m a t e r i a l " 
( J o i n t l e c t u r e S o c i e t y o f Chemica l I n d u s t r y ) 
lU., 2.85"^  Dr. J.A. Salthouse (Manchester) 
"Son e t lumiere" 
21. 2.85"^  Prof. P.M. M a i t l i s , F.R.S. ( S h e f f i e l d ) 
"What use i s rhodium?" 
7. 3.85"^  Dr. P.W. A t k i n s (Oxford) 
"i'lagnetic r e a c t i o n s " 
Research- conferences, attended 
D Fir.s.t year i n d u c t i o n course, October 1982 
This course co n s i s t s of a series of one hour lectures on the 
services a v a i l a b l e i n the department. 
1. Departmental o r g a n i s a t i o n 
2. Safety matters 
3. E l e c t r i c a l appliances and i n f r a r e d spectroscopy 
U. Chromatography and microanalysis 
5. Atomic a b s o r p t i o m e t r y and inorganic a n a l y s i s 
6, L i b r a r y f a c i l i t i e s 
'7. Mass spectrometry 
8. Nuclear magnetic resonance spectroscopy 
9. Gla ssblov/ing technique 
